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Abbreviations, Acronyms, and Symbols

BAND
BDL
Be
BeP

Bi
BIBE

Ca
CAAS
CBL
Cd

Ce

CI
CIC

XVi

degrees Celsius

microequivalencies per liter

microliter

micrometer

radionuclide of cesium

radionuclide of lead

radionuclide of radium

americium, radioactive decay product of **'Pu (plutonium)
hexachlorocyclohexane-alpha (also a-HCH)
aluminum

analysis of variance test

Air Resources Division (of the National Park Service)
arsenic

boron

barium

Bandelier National Monument

below detection limit

beryllium

benzo[e]pyrene

bismuth

Big Bend National Park

carbon

calcium

combustion atomic absorption spectrophotometry
Chesapeake Bay Laboratory

cadmium

cerium

confidence interval

constant initial concentration
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Cr
CLDN
CLPYR
cm

cm

Co

Cr
CRLA
CRS

Cs

Cu
Cup
CWSC
DCM
DCPA
DENA
DL
DOC
dw

Dy

EA
ECNI
ECRC
ECSMTP
EDL

EI
EMAP-SW
ENDO
EPA
EPA-ORD
Er
ERRC
Eu

chloride

chlordane

chlorpyrifos

centimeter

cubic centimeter

cobalt

chromium

Crater Lake National Park

constant rate of supply

cesium

copper

current-use pesticide

Colorado Water Science Center Laboratory (USGS)
dichloromethane

dacthal

Denali National Park and Preserve

detection limit

dissolved organic carbon

dry weight

dysprosium

ethyl acetate

electron capture negative ionization
Environmental Change Research Centre
Standards, Measurements, and Testing Program of the European Commission
estimated detection limit

electron impact

Environmental Monitoring and Assessment Program — Surface Water
endosulfan

Environmental Protection Agency

EPA Office of Research and Development
erbium

Environmental Radioactivity Research Centre

europium
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FF

GAAR
GC/MS
Gd
GFF
g-HCH
GIS
GLAC
GLBA
GPC
GRSA
GRTE
ha
HCB
HCI

He

HF

Hg
HgS
Hgiot
HNO;
Ho
HUP
IAS
IBC
IcdP
ICP-AES
ICP-MS
IMPROVE
IMP

K
KATM

xviii

focusing factor

gram

Gates of the Arctic National Park and Preserve

gas chromatography mass spectrometry

gadolinium

glass fiber filter

hexachlorocyclohexane-gamma, or lindane (also y-HCH)
geographic information system

Glacier National Park

Glacier Bay National Park and Preserve

gel permeation chromatography

Great Sand Dunes National Park and Preserve

Grand Teton National Park

hectare

hexachlorobenzene

hydrochloric acid

helium

hydrofluoric acid

mercury

mercury sulfide

total mercury

nitric acid

holmium

historic-use pesticide

inorganic ash spheres

industrial/urban use compounds

indeno[1,2,3-cd]pyrene

inductively coupled plasma-atomic emission spectrophotometry
inductively coupled plasma-mass spectrometry
Interagency Monitoring of Protected Visual Environments Program
statistical software package (SAS Institute, Cary, North Carolina)
potassium

Katmai National Park and Preserve
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kg kilogram

kg/ha/yr kilogram per hectare per year
Kow octanol-water coefficient

kV kilovolt

L liter

La lanthanum

LAVO Lassen Volcanic National Park
Li lithium

m meter

MA macrophage aggregate

MDL method detection limit
MeHg methyl mercury

Mg magnesium

mg/kg milligram per kilogram

mg/L milligrams per liter

mL milliliter

mm millimeter

Mn manganese

Mo molybdenum

MORA Mount Rainier National Park
N nitrogen

N» dinitrogen (or nitrogen gas)
Na not applicable (also NA)

Na sodium

NCEP National Centers for Environmental Prediction
NCLR nonachlor

Nd neodymium

ng/g nanogram per gram

ng/L nanograms per liter

ng/pL nanogram per microliter
NH," ammonium

NHEERL National Health and Environmental Effects Research Laboratory
Ni nickel
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NIST National Institute of Standards and Technology

nm nanometer

NOj3~ nitrate

NOAA National Oceanic and Atmospheric Administration
NOAT Noatak National Preserve

NOCA North Cascades National Park

NOy nitrogen dioxide

NPS National Park Service

NRC National Research Council

NRCC National Research Council of Canada
0O, oxygen

ocC organochlorines

OLYM Olympic National Park

ORNL Oak Ridge National Laboratory

OSU Oregon State University

PAH polycyclic aromatic hydrocarbon
PASD passive air sampling device

Pb lead

PBDE polybrominated diphenyl ether

PBT persistent, bioaccumulative, and toxic
PC particulate carbon

PCB polychlorinated biphenyl

PE percent enrichment

Pg picogram

pg/g ww picogram per gram wet weight

POP persistent organic pollutant

Pr praseodymium

PRISM Parameter-elevation regressions on independent slopes model
PTFE polytetrafluoroethylene

QA/QC quality assurance/quality control
QAPP quality assurance project plan

Rb rubidium

Re rhenium
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RIA
RO
ROMO
RSD

Sb

SCP
SD

Se

SE

SEC
SEKI
Si0,
Sm
SO
SOC

Sr

SRM
STLE
SWE
Tb

TC

Te

TIC

Tl

Tm
TOC

U
UMNRAL
USEPA
USFS
USGS
USGS-BRD

radioimmunoassay

reverse 0osmosis

Rocky Mountain National Park

relative standard deviation

sulfur

antimony

spheroidal carbonaceous particle

standard deviation

selenium

standard error

Simonich Environmental Chemistry Laboratory
Sequoia and Kings Canyon National Parks
silica (silicon dioxide)

samarium

sulfate

semi-volatile organic compound

strontium

standard reference material
Stikine-LeConte Wilderness, Tongass National Forest
snow water equivalent

terbium

total carbon

tellurium

total inorganic carbon

thallium

thulium

total organic carbon

uranium

University of Minnesota Research Analytical Laboratory
U.S. Environmental Protection Agency
U.S. Forest Service

U.S. Geological Survey

USGS Biological Resource Division
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Executive Summary

Chapter 1. Introduction

The Western Airborne Contaminants Assessment Project (WACAP) was initiated to determine
the risk from airborne contaminants to ecosystems and food webs in western national parks of
the United States. From 2002 through 2007, WACAP researchers conducted analysis of the
concentrations and biological effects of airborne contaminants in air, snow, water, sediments,
lichens, conifer needles, and fish in watersheds in each of eight core parks in the western United
States, including Alaska (Figure 1):

Noatak National Preserve (NOAT)

Gates of the Arctic National Park and Preserve (GAAR)
Denali National Park and Preserve (DENA)

Olympic National Park (OLYM)

Mount Rainier National Park (MORA)

Glacier National Park (GLAC)

Rocky Mountain National Park (ROMO)

8. Sequoia and Kings Canyon National Parks (SEKI)

The parks included 6 west coast and Alaska parks (NOAT, GAAR, DENA, OLYM, MORA, and
SEKI) and 2 parks in the Rocky Mountains (ROMO and GLAC). We selected two sites/lakes for
sampling in each park—with the exception of NOAT and GAAR, where we sampled one site in
each, as the parks are adjacent—for a total of 14 sites.

Al e

Semi-volatile organic compounds (SOCs) and heavy metals were the primary focus of the study.
The SOC:s fall into four general classes: current-use pesticides (CUPs), North American historic-
use pesticides (HUPs), industrial/urban use compounds (IUCs), and combustion byproducts. The
primary heavy metal of concern is mercury (Hg).

The seven ecosystem components selected for analysis (air, snow, water, sediments, lichens,
conifer needles, and fish) were chosen for several reasons. Concentrations of contaminants in air
can readily be compared among sites both within this study and with sites from other studies. In
many of the high altitude and high latitude sites studied, snow represents a potentially major
pathway for input of contaminants to ecosystems. Lake water samples provide an overview of
watershed chemical and physical characteristics that help interpret the contaminants data. Lake
bottom sediments show historical patterns of change over time in contaminant deposition.
Vegetation samples are used to determine spatial gradients of contaminants, and also provide
data on direct uptake of contaminants that accumulate in ecosystems through litterfall. Fish
bioaccumulate contaminants in their tissues, resulting in toxic effects in the fish themselves, and
in birds, animals, and humans who consume the fish.

WACAP researchers evaluated selected contaminant concentrations in samples from multiple
ecosystem components specifically to determine the origin of airborne contaminants and whether
these sources are local, regional, or global. In addition, air flow patterns to parks were analyzed
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through a process known as back-trajectory analysis, to assist in understanding potential sources
of contaminants to parks.

The specific objectives that guided the development of WACAP were:
1. Determine if contaminants are present in western national parks.

2. If contaminants are present, determine where they are accumulating (geographically and by
elevation).

3. If contaminants are present, determine which ones pose an ecological threat.
4. Determine which indicators appear to be the most useful for assessing contamination.

5. If contaminants are present, determine the source of the air masses most likely to have
transported contaminants to the national park sites.

In addition to the 8 core parks sampled, WACAP identified 12 secondary parks (or monuments,
preserves, or forests) for expanded spatial and environmental assessment (Figure 1). These
locations were identified for collection of samples from three ecosystem components: air,
lichens, and conifer needles.

Bandelier National Monument (BAND)

Big Bend National Park (BIBE)

Crater Lake National Park (CRLA)

Glacier Bay National Park and Preserve (GLBA)
Great Sand Dunes National Park and Preserve (GRSA)
Grand Teton National Park (GRTE)

Katmai National Park and Preserve (KATM)

Lassen Volcanic National Park (LAVO)

. North Cascades National Park (NOCA)

10. Stikine-LeConte Wilderness, Tongass National Forest (STLE)
11. Wrangell-St.Elias National Park and Preserve (WRST)
12. Yosemite National Park (YOSE)

XN R

O

At all core and secondary parks, vegetation was sampled over an elevational gradient (including
core park target watersheds), and passive air sampling devices (PASDs) were deployed for one
year.

The WACAP study was designed as a screening study to assess contaminant concentrations
across large-scale spatial gradients and temporal scales relevant to western national parks. Future
related work, if conducted, might address additional concerns, for example, clarifying the various
temporal and spatial dimensions of contaminant pathways and defining and documenting the
extent and magnitude of specific ecological effects.

The US Environmental Protection Agency (USEPA), US Geological Survey (USGS), US Forest
Service (USFS), Oregon State University, and University of Washington worked in partnership
with the National Park Service (NPS) on this assessment. Information acquired through this
project is intended to enhance scientific understanding of the global fate, transport, and associ-
ated ecological impacts on sensitive ecosystems of airborne contaminants in western parks. It
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will also help the NPS determine what actions are needed to further understand, mitigate, or
communicate impacts of potential effects of contaminants in national parks.

Chapter 2. Park Summaries

Park-specific summaries for the 8 core WACAP parks and the 12 secondary parks provide a
quick but in-depth graphical and written overview of the key results from the sites within the
parks and show how key variables associated with these sites compare with each other and
among results from other parks. Summaries identify key findings specific to each park.

Chapter 3. Contaminants Studied and Methods Used

WACAP researchers measured over 100 different SOCs spanning a wide range of volatility,
water solubility, and hydrophobicity, as well as persistence in the environment (Figure 2). Table
3-3 in the body of the report lists the SOCs, including abbreviation, chemical class, and regula-
tory status. Figure 3-1 provides a summary of the 70 SOCs (excluding PBDEs in fish and
sediment) found at detectable levels in WACAP snow, water, vegetation, lake sediment, and/or
fish. The SOC physio-chemical properties have been used to interpret the atmospheric transport,
deposition, and accumulation of these compounds to the ecosystems assessed in WACAP.
Finally, some of the SOCs measured in WACAP have been classified as persistent, bioaccumu-
lative, and toxic (PBT) chemicals by the USEPA. These PBT chemicals include benzo(a)pyrene,
aldrin, dieldrin, chlordane, DDT, DDD, DDE, hexachlorobenzene, mirex, and polychlorinated
biphenyls (PCBs). As with SOCs, the metals chosen for measurement in WACAP media were
selected because they serve as markers for a variety of different sources. These include anthropo-
genic sources such as coal combustion, petroleum combustion, industrial emissions, agriculture,
medical waste, incineration, and automotive sources, as well as natural sources such as sea
aerosols, volcanic deposits, and minerals. Mercury is a metal of particular concern because of its
detrimental neurological effects, as well as other effects, on humans, fish, and other organisms,
and it is classified by USEPA as a PBT chemical.

Because of the remote locations of the WACAP sites, atmospheric transport modeling was an
integral part of understanding how the contaminants were transported to the sites. We modeled
atmospheric transport via back-trajectory cluster analysis on three different time scales for each
of the WACAP core parks. A back-trajectory represents a meteorological calculation of the path
that an individual air particle has traveled over a specific time period. By grouping similar
trajectories into clusters, we obtained information about the routes of contaminant transport, as
well as the climatology for each park.

WACAP researchers assessed snowpack contaminants by sampling the seasonal snowpack from
at least 1 site in or near the 14 WACAP core park watersheds during each of the 3 years of the
study, in order to analyze inter-annual variability of contaminant loading.

We used PASDs to (1) obtain a measure of SOCs in ambient air by means of a simple, standard-
ized technology to compare loadings between parks and across geographic and elevational
gradients, (2) compare PASD and vegetation concentrations, and (3) compare ambient air SOC
concentrations in WACAP parks to ambient air concentrations at other national and international
locations measured with the same PASD design. In total, 37 PASDs were strategically deployed
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Figure 2. Mean SOC Concentrations (pg/g ww) in Lake Water, Snow, Sediments, Lichens, Conifer
Needles, and Fish from Emerald Lake (SEKI). SOCs are ordered by increasing K, or decreasing
polarity and solubility in water, color-coded by group. SOC concentrations were 3 to 7 orders of
magnitude higher in sediments and biota relative to snow and water. SOC concentrations in water,
snow, and vegetation, but not sediments and fish, generally decreased with decreasing polarity.
Compared to vegetation, fish were better accumulators of PCBs and dieldrin and poorer accumulators of
PAHSs, endosulfans, HCHs, dacthal, and chlorpyrifos. If no data are shown, all samples were below

detection limits; PBDEs were measured in sediments and fish only.
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in core and secondary WACAP parks. Multiple PASDs were deployed in the eight core WACAP
parks and two of the secondary parks to sample target watersheds and to obtain data along
elevational gradients.

We conducted vegetation sampling to (1) determine types and concentrations of SOCs that
accumulate in vegetation in each WACAP park, (2) compare individual SOC concentrations
within and across parks, especially along latitudinal and elevational gradients, to test for a cold
fractionation effect, (3) evaluate metal and nutrient concentrations in lichens in relation to known
ranges for lichens at other sites across the western United States, (4) determine the relationship
between environmental factors such as geographical location, proximity to urban-industrial and
agricultural areas, nitrogen concentrations in ambient particulates, and lichen nitrogen and sulfur
content with SOC concentrations in vegetation, and (5) estimate total concentrations of SOCs in
conifer needles at WACAP sites as a way of evaluating potential SOC inputs to watersheds via
litterfall.

We collected lake water samples from each catchment during the ice-free summer season to
characterize the condition of the WACAP lakes by assessing the chemical and physical
characteristics of water quality, including trophic state, chemical contamination, and
acidification status. Analytes included pH, alkalinity, specific conductance, dissolved organic
carbon, dissolved inorganic carbon, chlorophyll-a, total nitrogen, total phosphorus, and major
cations and anions.

We collected lake sediment cores to provide information about the accumulation and sources of
contaminants in the 14 WACAP catchments during the last ~150 years. We dated cores and
analyzed sections for SOCs, mercury, metals, total carbon, total organic carbon, and total
inorganic carbon. In addition, we assessed spheroidal carbonaceous particles (SCPs) in sediment
because they serve as unambiguous indicators of deposition from industrial combustion of fossil
fuels, and offer clues as to the source fuel type.

Fish were used as the key bioaccumulators of SOC, Hg, and metal exposure because they are
continually immersed in the lake and provide an indication of impacts to the food web. Fish,
particularly top predators, are bioindicators of contaminant exposure because they accumulate
organic and metal contaminants through their diet. Piscivorous birds and mammals, including
humans, bioaccumulate contaminants when they consume fish. Selected biomarkers analyzed for
effects on fish condition and health included macrophage aggregates (MA), plasma vitellogenin
(Vtg), 11-ketotestosterone, testosterone, estradiol, and gonad, kidney, liver, spleen, and gill
histopathology. Contaminant concentrations and fish health analyses were assessed for each fish,
allowing a direct correlation of SOC, Hg, and metal concentrations to fish health parameters.

A small number of samples from moose liver and muscle tissue were collected in order to
explore the potential for the bioaccumulation of contaminants through the terrestrial food web.
Tissues from a total of three moose donated by hunters in Denali National Park and Preserve in
2004 and 2005 were analyzed for mercury, other metals, and SOCs.

Chapter 4. Contaminant Distribution

Spatial patterns of the contaminants found in greatest general abundance within each contamin-
ant category (SOCs, mercury, trace metals, SCPs, nutrients) are as follows.
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Total SOC concentrations in snow were highest in the Rocky Mountains (GLAC and ROMO)
and California (SEKI) parks. This general pattern was often repeated for other ecosystem
components. The highest SOC concentrations in vegetation were measured at SEKI, GLAC,
YOSE, and GRSA. At parks with the highest SOC concentrations in vegetation, the total SOC
concentration was dominated by CUP residues, notably endosulfans and dacthal.

Lichen concentrations of PCBs and many pesticides increased with elevation at most of the
WACAP parks for which there were sufficient data, suggesting that these compounds are
undergoing cold fractionation. Concentrations of polycyclic aromatic hydrocarbons (PAHs)
decreased with increasing elevation at most parks, suggesting an association with wildfires at
lower, more heavily wooded elevations. Nitrogen concentrations in lichens from SEKI, GLAC,
BAND, and BIBE were elevated, indicating enhanced nitrogen deposition in these parks. Lichen
sulfur concentrations indicated enhanced sulfur deposition at SEKI and GLAC.

Fish whole-body lake mean and individual fish concentrations for dieldrin and Sum DDTs
(DDT, DDD, and DDE) are shown in Figure 3, along with contaminant health thresholds for
humans and piscivorous wildlife. Concentrations of dieldrin in fish (notably at ROMO, SEKI,
and GLAC) were significantly elevated compared with those in fish from similar Canadian
studies. DDT concentrations in fish from SEKI, GLAC, and ROMO were higher than those
reported for many fish elsewhere in the world, including fish from sites in Africa, where DDT is
used for mosquito control. Concentrations of the industrial flame retardant compound poly-
brominated diphenyl ether (PBDE) in WACAP fish were approximately 3 times higher than
concentrations in fish from similar alpine environments in Europe, and concentrations of CUPS
in WACAP fish were 2-9 times lower. All WACAP fish had lower PCB, HCH, and HCB
concentrations than fish in some recent surveys conducted in other locations of atmospheric
contaminants and reported in the literature. Mercury concentrations in fish (Figure 4) from this
study were compared with concentrations published in the literature for fish in other areas. In
general, mercury concentrations in trout from the parks in this study were lower than those
reported for trout in lakes in the Midwest and Northeast United States. However, mercury
concentrations were higher in WACAP fish than in some species of fish from northern lakes in
Canada and from mountain and sub-Arctic ecosystems in Europe. See Table 5-1 (pages 5-6
through 5-10) in the body of the WACAP report for comparisons of WACAP fish contaminant
concentrations to those found in other studies.

At WACAP parks in the conterminous 48 states, strong correlations were found between CUP
concentrations in snow and vegetation and percent cropland within 150 km. Concentrations of
the CUPs chlordanes, dacthal, and endosulfans in lichens and conifer needles, DDTs in conifer
needles, and PAHs in lichens correlated well with agricultural intensity, indicating that most
CUP concentrations in these parks are probably attributable to regional agricultural sources.
Pesticide deposition in the Alaska parks is attributed to long-range trans-Pacific transport,
because there are no significant regional pesticide sources nearby (Figure 5).

Where banned (historic-use) contaminants are found in park ecosystems, concentrations
significantly higher than those found in the Alaska parks probably indicate that re-volatilization
of persistent compounds is occurring from regional or local soils. Information about probable
sources or source areas of atmospherically transported contaminants into parks was assessed
from many varied types of data, including atmospheric transport pathways, contaminant spatial
patterns, and groupings of types of contaminants.
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Figure 3. Fish Whole-Body Lake Mean (bars) and Individual Fish (symbols) (A) Dieldrin and

(B) Sum DDTs (DDT, DDD, and DDE) Concentrations with Contaminant Health Thresholds for
Wildlife and Humans. Mean dieldrin concentrations in fish (A) exceeded human contaminant health
thresholds for subsistence fishers in 9 WACAP lakes, and some fish in 4 lakes exceeded the thresholds
for recreational fishers; no lakes exceeded health thresholds for piscivorous wildlife. Mean concentrations
of sum DDTs (B) in 3 lakes exceeded human contaminant health thresholds for subsistence fishers for
p,p,-DDE, which was the form of DDT most frequently detected in the fish; thresholds for recreational
fishers were not exceeded. Some fish in SEKI and the mean concentration of fish in Oldman Lake
(GLAC) also exceeded the threshold for kingfishers. If no label is present at the top of a bar, the analyte
was detected in at least 70% of the samples. “1” indicates that the analyte was detected in 50-70% of the
samples, and “2” indicates that the analyte was detected in less than 50% of the samples. Contaminant
health thresholds in piscivorous animals are based on 100% fish in the diet as determined by Lazorchak
et al. (2003). See Section 5.4.3 for a description of the human contaminant health thresholds. Data are
plotted on a log4, scale and below detection limit values are reported as %2 the EDL.
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Figure 4. Fish Whole-Body Lake Mean (bars) and Individual Fish (symbols) Total Mercury and
Contaminant Health Thresholds for Various Biota. The mean ng/g total Hg in fish at NOAT exceeds
the human contaminant threshold, while some fish at Matcharak Lake (GAAR), PJ and Hoh Lakes
(OLYM), LP19 (MORA), and Pear Lake (SEKI) exceed the human contaminant threshold. The mean ng/g
Hg concentration in fish at all parks exceeds the kingfisher contaminant threshold, and the mean at 7
lakes exceeds all wildlife thresholds—Burial Lake (NOAT), Matcharak Lake (GAAR), Wonder Lake
(DENA), PJ and Hoh Lakes (OLYM), LP19 (MORA), and Pear Lake (SEKI). The human threshold is

300 ng/g wet weight (USEPA, 2001), and is based on methyl-Hg in the fillet for a general population of
adults with a body weight of 70 kg and 0.0175 kg fish intake per day. 95-100% of Hg in fish is methyl-Hg
(Bloom, 1992), and 300 ng/g in the fillet is equivalent to 185 ng/g ww whole body methyl-Hg (Peterson et
al., 2007). Contaminant health thresholds in piscivorous animals (wildlife) are based on 100% fish in the
diet for whole body total Hg, as determined by Lazorchak et al. (2003). Data are plotted on a log,, scale;
the y-axis starts at 10 ng/g.
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Figure 5. 1-, 5-, and 10-Day Cluster Plots for DENA. Clusters are sorted shortest to longest, A—F. Bars
represent the percent of trajectories in each cluster out of 2,922 total (1998-2005). Light blue = winter;
light green = spring; dark green = summer; orange = autumn. The dark blue dot is the percent of total
precipitation for which each cluster is responsible.
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In GLAC, PAH concentrations in snow, sediment, and vegetation in the Snyder Lake watershed
were higher than those in the Oldman Lake watershed and 10 to 100 times higher than those in
all other WACAP parks. Several lines of evidence point to the aluminum smelter in Columbia
Falls, Montana, as the most likely major source of these elevated PAHs to Snyder Lake.

At ROMO, higher SOC and Hg deposition in snow was found in the Mills Lake watershed (on
the east side of the Continental Divide), than in Lone Pine Lake (on the west side), possibly
because the Continental Divide serves as a topographic barrier for transport of SOCs and Hg
from agricultural and populated areas on the east side of ROMO to the west side. SOC
concentrations in air (PASDs), conifer needles, and fish show no clear evidence of an east side
enhancement.

Sediment cores provide a historical record of contaminant deposition over the past ~150 years.
The temporal records from sediment cores indicate that in nearly all parks, Hg deposition
increased in the twentieth century because of anthropogenic sources. In many parks, mercury
deposition fluxes have declined somewhat, although in other parks the Hg flux appears to still be
increasing. This finding reflects a complex array of decreasing regional sources, combined with
increasing global contributions and watershed influences on sediment records.

Lead (Pb), cadmium (Cd), and SCPs in sediment indicate regional fossil fuel combustion
sources. SCPs clearly show the build-up from industrial sources in lakes in the conterminous 48
states during the late twentieth century. In recent decades, Pb, Cd, and SCPs have declined
substantially, reflecting source reductions related to the Clean Air Act and regulation of lead in
gasoline. Lead concentrations in lichens at SEKI and MORA have decreased 5- to 6-fold since
the 1980s.

In the Alaska lakes, SCPs in sediment were non-detectable and Pb and Cd showed little sign of a
twentieth century increase. Only the Hg flux showed a consistent increase in the Alaska lake
sediments, reflecting a primary contribution from global sources.

Chapter 5. Biological and Ecological Effects

WACAP assessed the impacts and/or effects of contaminants on biota and ecosystems in a
variety of ways. Key results include the following.

Bioaccumulation of SOCs in vegetation appears to occur over time. Second-year needles
contained approximately triple the concentrations of contaminants in first-year needles. The
amount of contaminant stored in vegetation that eventually contributes to accumulation of SOCs
in forest litter-fall and soils is likely to be dependent upon forest productivity (annual above-
ground biomass production), tree species, and proximity to contaminant sources.

We observed biomagnification throughout park ecosystems. Concentrations of SOCs were 5 to 7
orders of magnitude higher in fish than in snow, water, and the PASD monitors indicating air
concentrations. Concentrations of SOCs were 3 to 5 orders of magnitude higher in fish tissue
than in sediments. Vegetation tended to accumulate more PAHs, CUPs, and HCHs, whereas fish
accumulated more PCBs, chlordanes, DDTs, and dieldrin. SOCs in vegetation and air (PASD
monitors) were expected to show similar patterns; however, this was not the case, possibly
because each medium absorbs different types of SOCs with varying efficiencies.
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In this study, WACAP researchers assessed both fish-condition biomarkers and concentrations of
contaminants in fish tissue. Most fish appeared normal during field necropsies. Macrophage
aggregates (MAs; an immune system response, Figure 6) generally increased with mercury
concentrations and age in brook, rainbow, and cutthroat trout. Vitellogenin (Vtg) concentrations
in male fish are widely used as a biomarker for environmental estrogen exposure. Compounds
such as dieldrin, DDT, PDBEs, PCBs, PAHs, endosulfan, and methoxychlor (among others) are
known or suspected endocrine disrupting contaminants. Although sample sizes in this study were
very small, significant correlations between contaminants in fish tissue and Vtg concentrations in
male fish were found in the two core WACAP lakes sampled in ROMO in 2003. Two additional
lakes in ROMO, sampled as part of a separate study, contained fish with high concentrations of
Vtg; however, contaminants analysis of these fish has not yet been conducted. Two male fish
from GLAC and one male fish from MORA also displayed elevated concentrations of Vtg. The
fish from Oldman Lake (GLAC) with high Vtg concentrations also contained the highest
concentrations of DDT of any of the fish sampled in the project.

Intersex, the presence of both male and female reproductive structures in the same animal, is also
a commonly used biomarker of estrogen-like chemical exposure. Intersex fish were found in
ROMO and GLAC lakes. In this study, four levels of intersex condition were characterized, both
for current samples collected in WACAP, and for historic samples obtained for comparison from
museums. The data show that the number of sites with intersex fish has increased since the late
1800s. In the current WACAP samples, 8 of 117 fish in the Rocky Mountains were identified as
intersex and none of the 90 samples collected at other parks in the west were intersex. Six of 11
water bodies sampled in ROMO contained intersex fish. Sample size in the project was low, and
WACAP was not designed to fully characterize the extent and range of intersex fish in remote
sites in the west. However, based on the initial sampling conducted here, it appears that intersex
condition in fish from remote areas might be concentrated in the Rocky Mountains. Further
investigation is warranted (a variety of potential hypotheses are discussed in the report).

In addition, the severity of abnormalities observed in the intersex fish from ROMO was greater
than in any historical samples, displaying category 4 gonad abnormalities, low androgen and
estrogen levels, and elevated levels of Vtg. The three intersex fish that were also sampled for
contaminants contained high levels of endocrine disrupting contaminants such as dieldrin, DDT,
chlordanes, and PCBs. However, whether contaminants are causing the intersex condition in fish
cannot be definitively determined with this small dataset.

Mercury concentrations increased with fish age in all fish species up to approximately 15 years
of age. Fish older than 15 years had less mercury. Several hypotheses could account for this
finding and are discussed in more detail in Chapter 5 of the report. Fish mercury concentrations
in WACAP were highest in Burial Lake (NOAT), with the mean Hg concentration exceeding the
USEPA contaminant health threshold for human consumption (see Figure 4). The other Arctic
lake in this study, Matcharak (GAAR), also contains fish with elevated concentrations, with
some fish exceeding human contaminant health thresholds. Because mercury concentrations in
snow, sediment, and vegetation were found to be low in these two parks, it is likely that in-lake
biological processes, including fish age, Hg methylation rate, watershed biogeochemical
characteristics, and food web efficiency influence the higher rates of bioaccumulation in Alaska
lakes.
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Figure 6. Representative Hematoxylin-Eosin Stained Brook Trout Organs Showing the Relative
Difference between Fish with Very Few or No Macrophage Aggregates (MAs) and Extensive
Accumulations of MAs (a-f) and Outlined High Magnification Hepatic MAs (g-i). Bars = 50 pym.

(a) Kidney with a few MAs; (b) Kidney with extensive MAs; (c) Spleen with a few MAs; (d) Spleen with
extensive MAs; (e) Liver with no MAs; (f) Liver with extensive MAs; (g) High magnification of liver MAs
corresponding to MAs (arrows) in (f); (h) 2X magnification of the MA corresponding to arrow 1 in (g); (i) 2X
magnification of the MA corresponding to arrow 2 in (g). The outlined areas in (g) through (i) are the
computer output of delineated MAs in the liver based on pigment selection by the computer program.
Modified from Schwindt et al. (2006).
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Current contaminant concentrations in 136 fish from 14 lakes in the 8 core WACAP parks were
compared to the USEPA’s Guidance for Assessing Chemical Contaminant Data for Use in Fish
Advisories. The contaminant health threshold is the point at which a 70-kg person who consumes
17.5 g of fish per day (2.3 servings per month; recreational fish consumption) or 142 g per day
(19 servings per month; subsistence fish consumption) increases lifetime risk of developing
cancer by 1 in 100,000, or significantly increases risk of chronic (non-cancer) disease. Most
contaminant concentrations in fish fell below these thresholds. However over half (77 of 136) of
the individual fish from 11 of the 14 lakes analyzed carried concentrations of dieldrin and/or
p,p,’-DDE that exceeded contaminant health thresholds for subsistence fishing (Figure 3). The
lake average fish dieldrin and/or p,p,’-DDE concentrations exceeded subsistence fishing thres-
holds in nine of the lakes and recreational fishing thresholds in none of the lakes, although five
individual fish exceeded dieldrin thresholds for recreational fish consumption in Mills and Lone
Pine lakes (ROMO), Pear Lake (SEKI), and Oldman Lake (GLAC). No other SOC concentra-
tions measured in fish from the eight core WACAP parks exceeded human contaminant health
thresholds. Of the other compounds detected in >50% of fish (chlorpyrofos, dacthal, endosulfans,
methoxychlor, mirex, HCB, a-HCH, g-HCH, chlordanes, heptachlor epoxide, and PBDEs), all
were | to 7 orders of magnitude below the human contaminant health thresholds.

We assessed impacts of contaminants on aquatic food chains by comparing fish contaminant
concentrations with published contaminant health threshold for impacts to mink, river otter, and
belted kingfishers. At numerous sites, mean concentrations for mercury in WACAP fish were
above thresholds for potential negative health effects on the aforementioned wildlife (Figure 4).
Contaminant health thresholds for PCBs for wildlife (banned from production and use in the
United States in 1979) were not exceeded. DDT production ceased in the United States in 1972.
Some fish at the two sites in SEKI, and the mean concentration of fish in Oldman Lake in
GLAC, had concentrations of the sum of DDTs above the threshold for negative health effects
for kingfishers (Figure 3B). The concentrations of chlordane, once a broad-use pesticide used to
control underground termites, were below thresholds for wildlife, except that one fish in Oldman
Lake in GLAC exceeded the threshold for kingfishers. A suspected carcinogen and endocrine
disruptor, chlordane was banned in the United States in 1983. The acutely toxic pesticide dieldrin
was banned for agricultural use in the United States in 1974 and for most other uses in 1987. The
highest dieldrin concentrations in fish in this study were found in ROMO. Dieldrin was produced
in nearby Denver, Colorado, from 1952 to 1973. Mean concentrations of dieldrin in fish at all
WACAP sites were below the contaminant health thresholds for wildlife (Figure 3A).

We analyzed moose tissue samples for SOCs and metals in Alaska parks with the intent of
exploring linkages between the Alaska food web and humans engaging in subsistence hunting.
However, tissue samples from only three animals were collected, all in DENA. Few of the target
SOC compounds were detected in the moose liver or muscle tissues analyzed. The generally low
detection frequencies and the absence of any major patterns among SOC compound groups,
among individual moose, or between moose tissue types suggest that these moose were not
biomagnifying SOCs to a concentration of concern. Metals concentrations were low, and at the
deficiency level for copper, which decrease adsorption of iron in the blood. Compared to the
sparse data available from other studies for metals in moose tissue, the WACAP samples were
generally lower in cadmium, copper, and zinc.

E-14 WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



EXECUTIVE SUMMARY

Chapter 6. Recommendations and Conclusions

The report concludes with recommendations to the National Park Service that respond to the
question, “What did you learn in this project that could help guide or focus future work within
the NPS on contaminants in parks in the western United States?” These recommendations are
specific to the original five project objectives. Also included is a list of additional research
questions posed by WACAP scientists. These questions define fertile areas for future research
into processes, mechanisms, and ecological interactions of contaminants in western ecosystems.
In addition, broad conclusions answering the questions posed by the five project objectives are
discussed.

Contaminants were found in all WACAP lakes. In some cases, the concentrations in fish were
found to exceed important human and wildlife thresholds. It might be perceived that the two
lakes per park that WACAP examined are somehow outliers and that they do not represent the
total population of lakes within parks. From a strictly statistical perspective, these lakes are not
representative of the population of lakes. However, the lakes were selected to provide “clean”
and unambiguous signals of atmospherically deposited contaminants and in no way were they
selected to provide the highest or lowest contaminant concentrations. For future work,
researchers might choose to consider implementing a robust statistical sampling design for
specific parks that would provide a quantitative estimate of the contaminant condition of all lakes
in the population.

WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT E-15



EXECUTIVE SUMMARY

E-16 WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



CHAPTER 1

Introduction

1.1 Background

Transport and deposition of atmospheric contaminants has been recognized as a possible threat
to aquatic and terrestrial ecosystems for several decades. However, it was not until the 1970s and
1980s that the potential for significant regional-scale ecological impacts of long-range transport
of contaminants, particularly the acidic precursors of acidic deposition, was recognized (Likens
et al., 1979) and later documented and quantified across multiple spatial scales (Linthurst et al.,
1986). In this case, it was demonstrated that SO, and NOy, byproducts of combustion, were
transported thousands of kilometers in the atmosphere, transformed to acids, and deposited via
precipitation on sensitive ecosystems that lacked sufficient buffering capacity to neutralize the
acid (Galloway and Cowling, 1978). In addition, metals were recognized as another class of
contaminants associated with the combustion of fossil fuels that could be transported great
distances in the atmosphere (Galloway et al., 1982).

Once the concept of trans-boundary airborne
contaminants had been demonstrated with
acidic precipitation, numerous other airborne
contaminant threats to ecosystems and the
humans that depend upon them were identified
(Perry et al., 1999). The lack of local or
watershed sources of contaminants confirmed
that the impacts of long-range atmospheric
transport of contaminants threatened many
remote ecosystems (Barrie et al., 1992;
MacDonald et al., 2000). It is now well known
that metals, particularly mercury and lead, are
emitted by human activities and can be
transported short and long distances from their sources to be deposited, retained, and, in some
instances, bioaccumulated within distant ecosystems. Similarly, a vast array of persistent organic
pollutants (POPs) and semi-volatile organic compounds (SOCs) are recognized as having the
potential to be transported by the atmosphere (Simonich and Hites, 1995; Muir et al., 1996; Li et
al., 1998; Van Drooge et al., 2002). These compounds are derived only from human activities
and many persist in the environment for long periods of time (Gubala et al., 1995; Fernandez et
al., 2000; Helm et al., 2002).

Recent studies have pointed out the atmospheric linkage between air masses traversing Eurasia
and arriving in North America (Welch et al., 1991; Wania and Mackay, 1996; Jaffe et al., 1999).
Although few studies have measured persistent and bioaccumulating toxics in these air masses,
model output suggests that they are likely to contain a variety of contaminants (Perry et al., 1999;
Koziol and Pudykiewicz, 2001). Recent studies by authors of this report (Jaffe, Simonich, and
others) have demonstrated some key linkages between air masses arriving on the west coast of
North America and Eurasian industrial and agricultural sources (Jaffe et al., 2005; Weiss-Penzias
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et al., in press). Many of the tracers used by air monitors to identify trans-Pacific air masses (e.g.,
CO, aerosols, O3) are directly related to human activities and combustion sources. However,
from an ecological perspective, it is very complicated to track these short lived and/or highly
reactive tracers through ecosystem compartments where they are not retained as SOCs and
metals are. This is particularly true in remote locations.

There is ample evidence of regional as well as long-

range sources of atmospheric contamination to

remote ecosystems in the western United States, but

there is scant evidence in any published source that a

threat to ecosystems is being realized. This is

particularly true over large spatial scales. One of the

major problems is that the atmospheric scientists

who have identified the long-range transport across

the Pacific Ocean from Eurasia have little

information about deposition of inorganic and

organic contaminants in these air masses. One of the

few and most convincing publications regarding this

issue describes the concentration of POPs in snow

sampled in the Canadian Rocky Mountains during

the spring of 1995 and 1996 (Blais et al., 1998). The

data in this publication suggest that there is good

evidence that high-elevation ecosystems are at risk

with respect to SOCs for two primary reasons: (1)

long-range transport of contaminants possibly being

deposited with the annual snow pack and (2) cold

fractionation of the lighter SOCs, resulting in

migrations of these and other compounds to the higher (i.e., colder) alpine areas (Wania and
Mackay, 1996). Cold fractionation appears to function at latitudinal as well as elevational
gradients, putting northern ecosystems are risk. A recent publication documents the cold-
trapping of POPs by vegetation in mountains in western Canada (Davidson et al., 2003).

Certainly there is sufficient scientific evidence to ponder the question of risk to high-latitude
ecosystems from airborne contaminants in the western United States. The information to date,
from various disciplines, published and reported independently, has generated considerable
concern regarding the risk to western ecosystems, prompting the US Environmental Protection
Agency (USEPA) to convene the First International Conference on Trans-Pacific Transport of
Atmospheric Contaminants in Seattle, Washington, in July 2000. The meeting was attended by
over 100 experts, representing disciplines that included energy and emissions, atmospheric
sciences, marine sciences, biogeochemistry, biological sciences, and international environmental
policy. This workshop culminated in a consensus statement published in Science (Wilkening et
al., 2000). Three of the conclusions from this conference most pertinent to this undertaking are
worth noting here:

e The nature, magnitude, and spatial distribution of the effects of airborne chemicals
transported in the Pacific region, including changes in variability, are largely unknown.
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e Long-range transport could have significant impacts on the chemistry of the troposphere
above the Pacific Ocean, and of the ocean itself, and on contaminant concentrations in
terrestrial and aquatic ecosystems.

e Some airborne chemicals, especially organochlorines and mercury, have the potential to enter
food webs and biomagnify, thereby increasing the toxicological risk to top predators,
including humans.

These conclusions were applied to a broad suite of contaminants, including organic
contaminants, heavy metals (including mercury), and radionuclides.

1.2 Approach

In 2001, the National Park Service (NPS) convened the first of two workshops at which experts
discussed how to identify a scientific approach that could be followed to quantify the risk from
airborne contaminants to the national parks in the western United States. This action followed
the legal mandate described in the National Park Service Organic Act (1916) that created the
NPS. This federal legislation required protection of the national parks for perpetuity,
“...unimpaired for the enjoyment of future generations.” The Clean Air Act augmented this
responsibility in 1977 by defining specific goals, objectives, and mechanisms for protecting air
quality in major parks and preventing
“significant deterioration” of air quality.
Not only are the national parks widely
distributed, but many of them have
considerable elevation ranges, possibly
predisposing these high-elevation
locations, because of their cold alpine
climates, to become long-term sinks for
some classes of contaminants. Moreover,
high-latitude national parks in Alaska are
also perceived to be at risk of becoming
sinks for air pollution, given their cold
climates and the trans-continental air
masses to which they are exposed.

The Western Airborne Contaminants Assessment Project (WACAP) was initiated by the NPS as
a direct result of these workshops. In communication with a broad range of NPS personnel, the
WACAP goal was finalized:

To assess the deposition of airborne contaminants in western national parks,
providing regional and local information on exposure, accumulation, impacts, and
probable sources.

At this early stage, WACAP conceptually incorporated an integrated, interdisciplinary, multi-
scalar scientific approach to the problem (Figure 1-1). The project was initiated, and principal
investigators with expertise in a broad range of disciplines were organized to develop a research
plan that was peer reviewed by an international scientific review panel, revised, published
(USEPA, 2003), and implemented in 2003. The WACAP report authors are shown in Table 1-1.
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Figure 1-1. WACAP Conceptual Diagram of Airborne Contaminant Assessment Approach

Because very little was known about the contaminant concentrations and potential impacts in any
of the western national parks at that time, an inventory of baseline SOCs, metals, and nutrient
contaminants across various ecosystem components (i.e., snow, water, vegetation, fish, and
sediment) was selected as the approach to be taken (Table 1-2). “Impacts” in the goal statement
refers to evidence of accumulation in the food web—particularly animals—and does not go so

far as to attempt to establish “effects,” such as reproductive or lethal responses.

The specific objectives that guided the development of WACAP were also thoroughly examined
and approved by both the scientific team and the NPS:

1. Determine if contaminants are present in western national parks.

If contaminants are present, determine where they are accumulating (geographically and by
elevation).

3. If contaminants are present, determine which ones pose a potential ecological threat.

4. Determine which indicators appear to be the most useful to assess contamination.

5. If contaminants are present, determine the source of the air masses most likely to have
transported contaminants to the national parks sites.

1-4
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Table 1-1. WACAP Report Authors

Name and Affiliation®

Project Components

Email

Luke Ackerman
OSU, Corvallis, OR

Tamara Blett
NPS-Air Resources Division
Lakewood, CO

Don Campbell
USGS, Denver, CO

Marilyn Erway
Dynamac Corp., Corvallis, OR

Linda Geiser

US Forest Service Pacific NW Region Air

Program, Corvallis, OR

Will Hafner
University of Washington-Bothell

Kim Hageman
OSU, Corvallis, OR

Dan Jaffe
University of Washington-Bothell

Michael Kent

Director, Center for Fish Disease Research,

OSU, Corvallis, OR

Dixon Landers
USEPA, Corvallis, OR

Neil Rose
University College London, UK

Carl Schreck

Oregon Cooperative Fish and Wildlife
Research Unit, Dept. of Fisheries and
Wildlife, USGS and OSU, Corvallis, OR

Jill Schrlau
OSU, Corvallis, OR

Adam Schwindt
OSU, Corvallis, OR

Staci Simonich
OSU, Corvallis, OR

Howard Taylor
USGS, Boulder, CO

Sascha Usenko
OSU, Corvallis, OR

Fish organic contaminants

Project management

Snow
Logistics, database, QA,
sediment, water

Vegetation

Atmospheric Modeling and
Graphics
Snow

Atmosphere

Fish pathology

Project Director, sediment

Sediment SCPs

Fish physiology

Vegetation organic

contaminants

Fish and Fish Sampling

Organic contaminants

Metals

Sediment and water
organic contaminants

luke.ackerman@fda.hhs.gov

tamara_blett@nps.gov

dhcampbe@usgs.gov

erway.marilyn@epa.gov

Igeiser@fs.fed.us

whafner@uwb.edu

khageman@-chemistry.otago.ac.nz

djaffe@u.washington.edu

michael.kent@orst.edu

landers.dixon@epa.gov

nrose@geog.ucl.ac.uk

carl.schreck@orst.edu

schrlauj@onid.orst.edu

ar.schwindt@gmail.com

staci.simonich@orst.edu

hetaylor@usgs.gov

sascha_usenko@baylor.edu

! NPS = National Park Service, USGS = US Geological Survey, USDA-FS = US Dept. of Agriculture Forest Service,
OSU = Oregon State University, USEPA = US Environmental Protection Agency
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Table 1-2. Ecosystem Components Sampled for WACAP

Media Frequency of Sampling Purpose
Snow Annually in the spring in each of Direct measure of annual atmospheric loading;
the 14 sites in the 8 core parks snow is 90% of annual precipitation in many
alpine sites
Fish Once in each of the 14 sites in Direct measure of food web impacts and food
the 8 core parks web bioaccumulation/biomagnification
Water Once in each of the 14 sites in Measure of hydrophilic current-use chemicals

Lake Sediment

Vegetation

Air

Moose

Atmospheric
Transport

the 8 core parks

Once in each of the 14 sites in
the 8 core parks

Once as elevation transects in
the 8 core parks and 12
secondary parks

Deployed PASDs (passive air
sampling devices) for
approximately one year in most
core and secondary parks

Once from several Alaska sites

Models developed based on 5
years of data for each park

and baseline water chemistry

Provides historic trends (~150 yrs) of
contaminant loading to watershed

Direct measure (conifer and lichens) of food
web bioaccumulation of nitrogen, sulfur,
mercury and other metals

Measure (lichens at core parks) of ecosystem
exposure for SOCs; large number for statistical
comparisons within and among sites, parks
and elevations at a broad spatial scale

Estimate of airborne exposure of SOCs at a
site over a period of time

Direct measure of subsistence food resources

Back trajectory models identify likely sources of
contaminants

1.3 Park Selection

One of the most difficult issues was identifying which national parks should be included in the
spatial design. We initially determined that we could include six parks, based on the estimated
budget available for the effort, assuming that each park would have two intensive sites (i.e.,
lakes). However, with additional funding committed from “fee demo” sources, we were able to
include 8 parks and 14 core sites. These sites, and the lakes in particular, were perceived to be
natural precipitation/deposition collectors, representing some of the most remote, undisturbed
remaining landscapes in the western United States. Contaminants collected at these sites were
presumed not to be derived from local sources or historic land uses within the parks, given their
National Park designation. However, we recognized the potential for the proximal influence of
local and regional atmospheric contaminant sources and planned to interpret results with this in
mind. We decided which parks to include based on the physical locations and characteristics of
the parks rather than any other criteria. Through an iterative process, we identified indicators of
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interest, determined the number of sites in each park, set criteria for the attributes of sites within
parks, and consulted with experts at each park, all with consideration for the overall spatial
design and acknowledgment of budget realities.

It was clear from the outset that a strong spatial design
containing enough sites to provide ample statistical
power for hypothesis testing was outside the budget
and scope of this project. Moreover, given the
absolute lack of information of any kind regarding the
impacts of airborne contaminants on the systems of
interest, it seemed unwarranted and premature to
pursue such a design, even if funding had been
available. Rather, we decided that the first question
that needed to be answered across large-scale spatial
gradients appropriate to the western national parks
was, “Is there a problem with respect to contaminants
in the parks?” It was decided that if this policy
question could be answered in a rigorous way by
WACAP, then future work, if warranted, could be
designed to deal with a more detailed secondary set of
objectives based on the results of WACAP. These
secondary objectives might include resolving the
various temporal and spatial dimensions of
contaminant pathways and defining and documenting
specific ecological effects.

Because trans-Pacific air masses moving generally from west to east affect the west coast of the
North American mainland from Alaska to California (Bailey et al., 2000; Husar et al., 2001), we
selected a series of national parks ranging from Arctic Alaska south to California. Our intent was
to identify a core set of western national parks along a north-south latitudinal gradient that could
be affected by air masses moving across the Pacific Ocean. We wanted to accomplish this while
recognizing that air masses originating in North America are also of potential interest and should
be considered. We also wanted to include some parks in the interior of the western United States
that could be affected by trans-Pacific air masses but that might be influenced more by regional
air masses. We selected six west coast parks (NOAT, GAAR, DENA, OLYM, MORA, and
SEKI) and two interior parks (GLAC and ROMO), for a total of eight core parks where all media
would be sampled and evaluated. GAAR is juxtaposed to NOAT, thus we selected one site in
each. As a result, 14 sites/lakes are associated with the core parks. Table 1-3 lists the locations of
the lake sites in the core parks.

To provide better coverage, we identified 12 additional (secondary) parks where vegetation
samples for SOC analyses would be collected. Vegetation samples from multiple sites repre-
senting a range of elevations were taken from both the core and secondary parks (Table 1-4) to
provide a better understanding of contaminant deposition in the west. In 2005, we also deployed
passive air sampling devices (PASDs) for one year in both core parks and secondary parks as a
means of further linking our spatial interpretations.
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Table 1-3. WACAP Sites in Core Parks. All media were sampled, including water, snow, air (PASDS),
vegetation (conifer needles and lichens), fish, and sediments. Parks are listed alphabetically by park code.

Lake
Park Latitude? Longitude? Elevation® Year
Code Park® State Lake Site (dd) (dd) (m) Sampled
pENa  DenaliNPand Alaska McLeod  63.38  -151.07 564 2004
Preserve
pENa  DenaliNPand Alaska Wonder 6348  -150.88 605 2004
Preserve
GAAR Gatesofthe Arctic o Matcharak 67.75  -156.21 502 2004
NP and Preserve
GLAC Glacier NP Montana Oldman 48.50 -113.46 2026 2005
GLAC  Glacier NP Montana Snyder 48.62 -113.79 1597 2005
MORA  Mt. Rainier NP Washington  Golden 46.89 -121.90 1369 2005
MORA  Mt. Rainier NP Washington LP19 46.82 -121.89 1372 2005
NOAT  Noatak National Alaska Burial 68.43  -159.18 430 2004
Preserve
OLYM  Olympic NP Washington  Hoh 47.90 -123.79 1380 2005
OLYM Olympic NP Washington PJ 47.95 -123.42 1384 2005
ROMO Rocky Mountain NP Colorado Lone Pine  40.22 -105.73 3018 2003
ROMO Rocky Mountain NP Colorado Mills 40.29 -105.64 3030 2003
Skl SequoiandKings  ~ouconia Emerald 3658 -118.67 2810 2003
Canyon NP
sek|  SequoiaandKings o uconia pear 36.60  -118.67 2908 2003

Canyon NP

NP = National Park, dd= decimal degrees; % from drg (digital raster graphic), m = meter

The selection of the core set of national parks provides a group of 8 parks ranging over 30
degrees of latitude with 2 pairs of parks (one coastal and one interior) rather closely linked at
about the same latitude (OLYM and GLAC; SEKI and ROMO). This spatial arrangement, along
with the location of the secondary parks, is depicted in Figure 1-2, in association with EPA Level
1 Ecoregions (http://www.epa.gov/bioiweb1/html/usecoregions.html).

The dominant factor influencing the deposition and accumulation of SOCs in the ecosystem is
temperature. This is especially true for those contaminants that demonstrate cold fractionation.
Figure 1-3 depicts the mean annual air temperature one could expect at each of the WACAP sites
in the eight core national parks. Temperature data were estimated from the nearest and most
representative locations with long-term meteorological data. In some cases, a small correction
was made to account for the difference in altitude between the meteorological and lake site (D.
Jaffe, pers. comm., University of Washington, Bothel). It is useful to notice that there is general
agreement in temperature for all of the sites in the conterminous United States, and that the four
sites in Alaska, although lower in elevation, are significantly colder.
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Table 1-4. Vegetation WACAP Sites in Core and Secondary Parks (SOCs in conifer needles, lichens,
and PASDs1). Parks are listed alphabetically by park code, with core parks in bold.

No. of

Vegetation Minimum Maximum No. of Air

Sampling  Elevation Elevation Sampling Year
Park Code Park® State Sites of Sites (m) of Sites (m)  Sites Sampled
BAND Bandelier National Monument New Mexico 5 1854 2926 1 2005
BIBE Big Bend NP Texas 5 560 2316 4 2005
CRLA Crater Lake NP Oregon 5 1798 2713 1 2005
DENA Denali NPP Alaska 6 221 1753 2 2004
GAAR Gates of the Arctic NPP Alaska 1 505 505 1 2004
GLAC Glacier NP Montana 5 961 2024 2 2004
GLBA Glacier Bay NPP Alaska 4 8 625 1 2005
GRSA Great Sand Dunes NPP Colorado 5 2469 3338 1 2005
GRTE Grand Teton NP Wyoming 5 2073 3048 1 2005
KATM Katmai NPP Alaska 6 36 1112 1 2005
LAVO Lassen Volcanic NP California 5 1829 2713 1 2005
MORA Mt. Rainier NP Washington 5 654 1809 2 2004
NOAT Noatak National Preserve Alaska 3 227 675 1 2004
NOCA North Cascades NP Washington 5 198 1600 1 2005
OLYM Olympic NP Washington 5 137 1850 2 2004
ROMO Rocky Mountain NP Colorado 6 2560 3451 5 2004
SEKI ﬁ‘;g“ia & Kings Canyon ¢ itornia 11 427 2911 4 2283 4&
STLE %Ezae;er\?;me Wildemess,  ajaska 5 1 1064 4 2005
WRST Wrangell-St. Elias NPP Alaska 6 7 1421 2005
YOSE Yosemite NP California 5 661 3048 1 2005

"PASDs = passive air sampling devices, 2NP = National Park, NF = National Forest, NPP = National Park and Preserve

1.4 Site Selection Within Parks

Within each of the core national parks, we selected two catchments containing lakes (i.e., sites)

that met the following pre-established criteria.

e Catchment is small, typical of the catchments found in the park (elevation, soils, vegetation,
aspect, etc.).

e (Catchment contains a lake (>5 m deep; larger than ~0.8 hectares in surface area).
e Lake contains reproducing fish populations (preferably salmonids).

e No anadromous fish reach the lake.

e Lake is without major inlets, outlets, or glaciers in the catchment.

o Lake bathymetry is acceptable for sediment core analysis.
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e Safe access is possible by available means in late spring and summer.
¢ Gill netting of fish is acceptable.

e (Catchments are located within the seasonally persistent, non-melting snowpack development
for the park.

e Both catchments are located in the same general quadrant within the park.

Figure 1-3. Relationships among Latitude, Longitude, and Mean Annual Temperature in the 8
National Parks and 14 Sites Sampled in WACAP.

Variability with respect to biogeophysical setting (e.g., lake and basin morphometry, vegetation,
fish, etc.) was large among candidate catchments within and among parks as the WACAP
research team set out to select appropriate sites. Given the large geographic scale of WACAP,
several major ecological regions were included in the final selection (see Figure 1-2). We
selected sites within parks that were located at similar elevations and generally in the same type
of biogeophysical setting, where possible.

Candidate sites were evaluated by Dr. Dan Jaffe (WACAP atmospheric science lead) prior to
final selection to maximize the possibility that atmospheric transport pathways between sites in
the same park would be similar, based on available deposition and atmospheric data available
only at a fairly coarse scale. The two exceptions to this strategy are in ROMO and GLAC, where
the selected lakes are at almost the same elevation but on opposite sides of the Continental
Divide.

Our final catchment selections in each core park represent “elevation duplicates,” in the sense
that they are located at approximately the same elevation. Table 1-5 summarizes the attributes of
the selected catchments/lakes for each core park. Appendix 1A contains more detailed tables of
site physical and chemical characteristics for both the lake catchments in the core parks and the
vegetation sites in the secondary parks. Chapter 2 provides maps showing the locations of the
selected sites within each park, along with bathymetric maps of the lakes. In addition, Chapter 2
summarizes much of this site information, as well as the analytical results graphically for each
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site within each park within the context of the overall range of conditions found in all core

WACAP parks.

Figure 1-4 depicts the relationships among WACAP indicators and the broader contaminant
pathways, sources, sinks, and ecosystem components. The diagram is not all inclusive; it shows
key components addressed by WACAP and some of the components and contaminant pathways
that were not evaluated. The diagram should assist the unfamiliar reader with some of the
complexity that WACAP examined and the ecological position and interrelationships among key
areas of investigation.

Table 1-5. WACAP Lake Sites: Selected Physical and Surface (1 m) Chemical Characteristics”

Collected during WACAP Site Visits According to Methods Listed in Chapter 3. Parks are listed by
latitude, from north to south.

Lake Watershed Specific
Park Lake Name Surface Area Cond. ANC DOC Total P Chl-a
Code (Site) Area? (ha) (ha) Fish Species pH (uS/cm) (neg/L)  (mg/L) (ug/L)  (ug/L)
NOAT Burial 65.5 264.9 Lake trout 7.57 35.08 272.98 3.32 9.1 0.81
GAAR Matcharak 300.7 2388.3 Lake trout 8.31 248.10 1967.03 4.71 1.1 0.96
DENA Wonder 265.6 3212.4  Lake trout 8.18 190.10 1693.60 2.10 0.5 0.49
Burbot
DENA McLeod 35.9 236.8 Round 7.24 8.41 51.02 2.25 1.0 0.61
whitefish
GLAC  Snyder 2.6 3037 \Westslope 642  16.80  162.08  0.65 27 473
Cutthroat trout
Yellowstone
GLAC Oldman 18.2 230.3 River 8.24 159.10 1573.73 0.70 0.6 0.77
Cutthroat trout
OLYM PJ 0.8 56.2 Brook trout 8.14 127.40 1092.95 1.05 2.8 1.77
OLYM Hoh 7.7 43.9 Brook trout 7.52 63.69 512.45 0.74 1.2 0.83
MORA Golden 6.6 106.1  Brook trout 6.47 10.08 69.05 1.88 0.6 0.35
MORA LP19 1.8 44.9 Brook trout 6.63 10.72 80.14 1.37 0.9 0.60
ROMO Mills 61 12089 Rainbow 6.61  12.04 50.81 1.55 3.3 3.02
Cutthroat trout
ROMO Lone Pine 4.9 1830.0 Brook trout 6.67 14.02 91.52 1.74 2.7 1.95
SEKI Pear 7.3 142.0 Brook trout 6.10 4.02 23.99 0.82 0.6 0.64
SEKI Emerald 25 121.3 Brook trout 6.22 5.42 26.34 0.94 1.5 0.62

! Specific Cond.= Specific Conductance; ANC = acid neutralizing capacity, DOC= dissolved organic carbon, Total P = total
phosphorus, Chl a = chlorophyll a.

%ha = hectare.

1-12

WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



CHAPTER 1. INTRODUCTION

Linkages and Interrelationships Among WACAP Ecosystem Components

Indicators in shaded boxes represent WACAP components
measured for contaminants

Other sources of
contaminants:
rain, gaseous

Contaminants
delivered in snow

Loss of contaminants from
snow to gaseous phase

SOCs in

conifer needles
Contaminants delivered

Contaminants \
in lichens Contaminants in
annual snow pack
from snow to watershed

e . -
dissolved in or
carried by water

Contaminants
adsorbed to soil

Contaminants
delivered to
the lake

Piscivorous
Biota
Lake Surface ~ r Contaminants
exchanged

between

sediment and

water, water

and air at the
interfaces

Contaminants
bioaccumulated
in fish

Contaminants
dissolved in
water
(hydrophilic)

Particulate phase

contaminants in Contaminants
water delivered to
{hydrophobic) the sediments

Figure 1-4. Linkages among Major WACAP and Ecosystem Components, Contaminant Pools, and
Pathways. Colored components indicate those investigated for contaminants as part of WACAP.
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1.5 Measurements and Contaminants

A wide variety of measurements could be used to provide information regarding the degree to
which airborne contaminants have become entrained in national park ecosystems. Similarly, a
large group of contaminants could be measured. One of the early WACAP design tasks was to
winnow the expansive list of possible measurements, as well as contaminants, down to a
manageable and affordable number. In doing this, we frequently referred back to the WACAP
goal and objectives to ensure that selected indicators collectively fulfilled broad, and in some
cases, multiple, purposes. Moreover, a secondary concern was to select indicators that would
compare to other similar ongoing and historic studies (e.g., the European Union EMERGE
program; Livingstone, 2005) regarding contaminant impacts in remote alpine and arctic
locations. Chapter 3 in this report identifies the contaminants of interest and discusses the
methods used in their analyses.

1.6 Timeline, Implementation, and Reporting

The 6-year WACAP began in fiscal year 2002 (October 2001 through September 2002) and
continued through fiscal year 2007. Year 1 was a pilot year devoted to design, organization,
funding for principal investigators, and methods development for the project. Some methods
development continued into fiscal year 2003. Fieldwork and associated laboratory work were
conducted during fiscal years 2003, 2004, and 2005. The final two years, 2006-2007, were
devoted to finishing analytical work, analyzing data, writing the final report, preparing and
publishing the final WACAP database, and publishing the results in the peer literature. Table 1-6
depicts the sequencing and timing of field collections acquired as part of WACAP.

Table 1-6. WACAP Timeline and Site Sampling Strategy.

Year Activity
Year 1 Design, organization, methods development, written research plan, peer review, quality
(2002) assurance plan
Annual snow Intensive Study Year Moose
sampling (fish, water, sediment) Vegetation/Air Sampling Sampling
Year 2 All 8 parks (14 SEKI, ROMO Pilot study to choose target
(2003) sites) (4 sites) vegetation & needle age
Year 3 All 8 parks (14 NOAT, DENA, and GAAR (4 Lichen and conifer needle Moose from
(2004) sites) sites) sampling in 8 core parks (14 DENA
sites)
Year 4 All 8 parks (14 OLYM, MORA, and GLAC (6 Lichen and conifer needle Moose from
(2005) sites) sites) sampling in 12 secondary parks DENA
(61 sites); PASD installation in
all parks
Year 5 Data analyses, synthesis, publications, PASD retrieval in all parks
(2006)
Year 6 Final NPS report, final database
(2007)
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1.7 Data Management and Quality Assurance/Quality Control

Data management occurred at several levels throughout the project. Laboratory analyses were
summarized, along with all QA/QC results at the batch level. This data management activity was
guided by the QAPP (Quality Assurance Project Plan available on the WACAP web site:
http://www?2.nature.nps.gov/air/Studies/air_toxics/wacap.cfm. In this document, we use the term
“media” to describe the major environmental compartments we analyzed (e.g., snow, water,
fish). Batches of data were combined
for each medium/indicator and
forwarded to the appropriate principal
investigators. Copies of these data were
maintained by the analytical
laboratories and a copy was sent to the
WACAP coordination group at EPA
(Corvallis). The coordination group
confirmed laboratory QA/QC
procedures and worked with each
laboratory group to verify and validate
the data on a batch-by-batch basis. The
overall objective was to incorporate
these data, along with metadata derived
from a variety of sources (e.g.,
reconnaissance, field work, principal investigators, laboratories, park resources), into a working,
integrated database. Modeled and GIS-derived data were also entered into this database. The
database was combined into a final master database of the WACAP data in 2007. The final
database is intended as a final repository for the data resulting from the work conducted during
WACAP and will contain all data and associated QA/QC information. The final database will be
published as a peer reviewed EPA report and made available to the public via several
government website locations. It will also be stored permanently in NPS and USEPA searchable
data archival systems. The general website address for the NPS Data Store is
http://science.nature.nps.gov/nrdata/ and the general website address for the EPA location is
http://www.epa.gov/nheerl/wacap/.

We participated in four levels of reporting for the WACAP data:

1. Professional papers (journal articles, dissertations, theses) generated by individual principal
investigators

2. Synthesis journal articles prepared by various combinations of principal investigators
3. Annual information summaries prepared as NPS brochures
4. Final report

In addition, principal investigators and other key WACAP personnel have been active in their
disciplinary societies by making oral presentations at annual national and international meetings.
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1.8 WACAP Direction and Funding

WACAP was administered and funded primarily by the Air Resources Division (ARD) of the
NPS, directed by Ms. Christine Shaver, in Lakewood, Colorado. Funding was derived from a
variety of sources (base funding, competitive, and fee-demo) within ARD and NPS that varied
among years and funding cycles. In this context, interagency agreements between the NPS and
the US Geological Survey (USGS), the USEPA, and the US Forest Service (USFS) facilitated
funding. Supplemental funding with in-kind services was provided by these federal agencies, the
Oregon Cooperative Fish and Wildlife Research Unit and the Center for Fish Disease Research,
OSU. NPS funding for university participants was accomplished through the NPS Cooperative
Ecosystem Studies Unit (CESU) Cooperative Agreements process. In addition, several principal
investigators have sought and received funding from a variety of sources external to the NPS to
supplement funding they receive from ARD/NPS. These funds have been targeted to support
graduate students, supply research equipment, and provide supplemental technical support. The
USGS has contributed additional funding for the snow contaminants work. The success of
WACAP depended upon continued funding from the NPS and its collaborators at annual levels
sufficient to support the core WACAP efforts described in the research plan (USEPA, 2003).
Funding was forthcoming and WACAP proceeded to completion as planned.

1.9 Organization of this Report

This final WACAP interpretive report is organized into six major chapters. An overview of each
chapter and the name of the chapter organizer follow.

Chapter 1. Introduction (Dixon Landers)

Chapter 1 (this chapter) provides the background, goals, objectives, approach, and design
considerations for WACAP.

Chapter 2. Park Summaries (Dixon Landers)

The park-by-park summaries provide a quick but in-depth graphical overview of the key results
from the two sites within each core park and show how key variables associated with these sites
compare with each other and among results from all other parks. The two-page graphical
summary for each park is followed by a one-page written summary that identifies key findings
for the sites and the specific park, along with major differences and similarities among the
various measurements and the group of WACAP parks as a whole.

Chapter 3. Contaminants Studied and Methods Used (Staci Simonich)

In this chapter, all contaminants are identified and discussed regarding their occurrence in the
environment and the methods used to sample, extract, and quantify them in the various media, or
components, of the ecosystems sampled.

Chapter 4. Contaminant Distribution (Dan Jaffe)

This chapter interprets results of the WACAP effort for all components spatially, vertically, and
temporally. Media-specific spatial results are evaluated across the geographic area encompassing
the entire project. Vertical evaluations are limited to vegetation results among both core and
secondary parks and among all contaminants. Snow and sediment analyses are used to evaluate
inter-annual variation (snow) and decennial resolution and trends (sediment).

1-16 WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



CHAPTER 1. INTRODUCTION

Chapter 5. Biological and Ecological Effects (Linda Geiser)

In this chapter, a variety of results that lend themselves to evaluation of the impacts and effects
of contaminants in various media are examined. For fish, accepted pathological and physio-
logical indicators of contaminant exposure are related to contaminant concentrations. Inferences
on reproductive and overall health are made based on these relationships.

Chapter 6. Conclusions and Recommendations

Volume II. Appendices

Chapter 6 contains recommendations to
the National Park Service that respond to
the question, “What did you learn in this
project that could help guide or focus
future work within the NPS on
contaminants in western U.S. parks?”
These recommendations are specific to
the original five project objectives. Also
included is a list of additional research
questions posed by WACAP scientists.
These questions define fertile areas for
future research into processes,
mechanisms, and ecological interactions
of contaminants in western ecosystems.

The appendices provide supplemental information about the WACAP findings.
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CHAPTER 2

Park Summaries

Introduction

This chapter contains summary information for the eight core parks (pages 2-4 to 2-31) and the twelve
secondary parks (pages 2-34 to 2-45). Information for the core parks includes a one-page written
summary organized by media (air, snow, vegetation, fish, and sediment), and a two-page graphical
summary of the results. The key to these two-page graphical summaries is on pages 2-2 and 2-3. The
air and vegetation summary results from the secondary parks begin on page 2-32, with the key to the
one-page graphical summaries for these parks on page 2-33.

Core Parks

The park summaries that follow in this chapter have been prepared to provide the reader with an
overview of selected contaminant results for each core WACAP national park. The descriptions for
the Arctic parks, GAAR and NOAT, with one lake site each, have been combined into one summary.

These summaries contain a considerable amount of information, but do not represent all data and
information available for the parks. The two-page key for the core parks provides explicit detail
regarding each block of information the reader will encounter on the two-page graphic summaries and
is intended to guide the reader through the summaries. Summaries for all core parks are presented in
the same format. The summaries are designed so that the two lake sites within each park can easily be
compared and the relative position of these sites within the context of all WACAP core parks can also
be visualized. The reader is encouraged to consult the other chapters of this report for more detailed
information on the full range of WACAP results and their interpretation.
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Key to Park Summaries: Site Characteristics

The Park Summaries that follow in this chapter have been prepared to provide the reader with a summary of selected

K E Y contaminant results for each core WACAP national park. A set of reduced summaries for the secondary parks that contain
only vegetation results follows the core park summaries, with a separate key. The Arctic parks GAAR and NOAT, with one
lake site each, have been combined into one summary. These summaries contain a considerable amount of information,
but do not represent all data and information available for the parks. This two-page Key provides explicit detail regarding
each block of information the reader will encounter on the two-page graphical summaries and is intended to guide the
reader through the summaries. Summaries for all parks are presented in the same format. The summaries are designed so
the two lake sites within each park can easily be compared and the relative position of these sites within the context of all
WACAP core parks can be visualized. The reader is encouraged to consult the other chapters of this report for more
detailed information on the full range of WACAP results and their interpretation.

¢ Park and Lake Setting ¢

In-each of these site locations, the name of
each lake is given with some of the very basic
information that defines the location of the
site and other important characteristics of the
lake. We have used metric units: m = meters,
ha = hectare. )

A digital image of the lake'and its watershed is
provided to give the reader an appreciation of
the steepness of the landscape, geology, and
vegetative cover of the watershed.

A depth map (bathymetric map) of each lake

is provided. The depth contoun haded
with the deepest depth the d colors.
The depth increments:shown in set key

are in meters (m). One | meter, equals 3.28 feet.

& Atmospheric Transport ¢

This [figure shows the seasonality and

This figure shows calculated “back precipitation of the six, one-day clusters
trajectory”” clusters. derived from shownpto the left. The top of each bar
thousands._of computer simula- graph represents the percent of trajecto-
tions that represent daily air mass ries (or days,from the eight-year period)
movements over - an eight-year that are in the given|clusters. The different
time period closely associated with colors on thebars are the seasonal contri-
the WACAP sampling period. bution of these daﬁs and the blue circles

are the percent of |total precipitation for
which each clusteris responsible.

¢ Physical and Chemical Characteristics ¢

his|space displays physical and|chemical characteristics of the |ake sites
epicted above. The chemical chara}:teristics are from measurements|on’,
pilimnetic ((i.e.; near surface) water samples from the lakes, Thevaluelfor
ach site or lake|is|shown as a colored circle. The yellow bar graph behind
he dots represents the total range for the specific variable among all core
VACAP parks. The line|in the bar represents the median value among all
arks|. Note|that each group-has its lown scaleland in ‘several instances the
caleis broken|in order to represent the range, of all sites. This approach
llows comparisons between sites in| a park and permits comparisons
monlg all core WACAR parks.

DY OVT == FO OO
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Key to Park Summaries: Contaminant Summaries

¢ Snow Contaminant Fluxes ¢

¢ Whole Fish Contaminant Concentrations ¢

This figure shows the fluxes of the most
prevalent semi-volatile organic compounds?
(SOC) and five metals present inthe annual
snow pack samples taken over the three
years of WACAP sampling, The different
sites sampled in the park arerepresented
by |the! colored dots. The three sample
years are indicated by the placement of
the dots in the-width of the yellow bars:
Spring| 2003 ‘is lomthe left edge, Spring
2004 is in-the.middle, and Spring 2005 is
on the right edgel The yellow barin back
of, the dots represent the total . range of
snow contaminant fluxes among all core
WACAP|parks and the|line onleach bar
represents the median value for each
contaminant. Note the vertical axis is in
log units that range from 0.01 to 1,000,000
ng/m2/yr.

Whole fish concentrations in ng/g wet weight of the most preva-
lent semi-volatile organic compounds* (SOC) and five metals are
shown in this figure. The blue bars for contaminant concentra-
tions show the maximum, minimum, and median (horizontal
line) values of the five to ten fish analyzed from each lake. The
yellow bar behind the fish data represents the total range for
these|contaminants among all-core |parks and the line in each
bar represents the median value for |all parks. Note the vertical
axis isin log units that range from 0.0001 te| 100,000 ng/g.

Contaminant health/thresholds cited|in the literature are-shown
on this graph for selected SOCs and mercury for humans and
piscivorous' mammals and birds. Human|thresholds for SOCs
(discussed in Section 5.4.3) are based on consumption levels for
recreationalland subsistence fishers, The human threshold for
meraury (discussed in Section 5.4.1) is based on a consumption
rate |similar' to [the values for recreational fishers, and was
converted from a fillet to whole-fish basis. The| piscivorous
mammal threshold (discussed in Section 5.4.2) is an average of
the thresholds for otter and mink (Lazorchak et al., 2003).

¢ Vegetation Contaminant Concentrations ¢

*SOC groupings by compound class are listed in Table 4-1.

¢ Sediment Organic Contaminant Fluxes ¢

The concentrations of the most prevalent
semi-volatile organic compounds* (SOC) and
total mercury in lichen and tworyear old
conifer needles are shown for core WACAP
sites in this figure. Conifers were sampled
along an elevation gradient shown by the
colored dots on the right, above| each
contaminant name. The leftiside shows the
median value for a bulk lichen sample taken
near the lakesite. Lichens differ from conifer
needtes in that they cannot be aged and
usually are expected to be more than two
years old. The yellow bars behind| the dots
show the total range of contaminants among
all core| WACAP |parks for the) respective
plants-and the line in the bars represents the
median value. Note these values are on a log
scale| — spanning a very broad range of
concentrations from- 0.001 to 1,000,000 ng/g
(lipid weight for SOCs, dry weight for mercury).

= — =

= =

!l

I
I — —
!

1 1 =
Yearly focusind factor-corrected sediment fluxes
of semi-volatile-organic-eompounds* (SOC). are
shown'in this figure:-Year (depth) is shewnon the
vertical axis. Given the expense of the SOC analy-
se@, WACAP allocat‘éd approximately eight-slices
to be analyzed for each sediment'core. The green
lings are the year in which the individual, SO€-was
registered with the US government. When present,
the red dotted line is the date that use in the US
was discontinued. An asterisk indicates that the
, Vvalue at that Iev‘el in'the core was below the detec-
tion limit. Profiles of the two lakes are shown side
by side for each different contaminant.

=

& Sediment Contaminant Fluxes

These figures are sediment profiles for each site. The top of the graph represents the surface of the sediment core;
the dates on the vertical axis are derived from 210Pb dating. Each point on a graph represents results of an analysis
of a sediment slice having an average date represented by the circle.

Sediment flux is expressed as mass per unit area per
year. Spheroidal Carbonaceous Particles<(SCP) are
microscopic “fly ash” materials formed only by high
temperature combustion associated with fossil fuel
(coal and oify combustion. They are excellent indica-
tors of local or regional sources ofthuman industrial
activities. Total Organic Carbon is-acomponent of
the sediment record derived:from in-lake photosyn-
thesis? production or watershed fources and
typically decreases with depth as aresult of biogenic
processes in the sediment.

Sediment Metals'Enrichment:”Results-of the analysis
of four metals'in lake sediments for each of the two
lakes are shown here. The units ‘are expressed as
Percent Enrichment from historical (pre-industrial)
background values near ~1880. The results<have
| been “normalized?’ to titaniumy{ which removes;much
' of the noise in the profiles related to watershed
processes (e.g., weathering, avalanches).”These
profiles; show: the recent; history of metal deposition
to each|lake system with respect to background.

www.nature.nps.gov/air/studies/air_toxics/wacap.cfm
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CHAPTER 2. PARK SUMMARIES

Noatak National Preserve
and Gates of the Arctic National Park and Preserve
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CHAPTER 2. PARK SUMMARIES

Summary: Noatak National Preserve
and Gates of the Arctic National Park and Preserve

Burial and Matcharak lakes both have small watersheds, contributing to long hydraulic residence
times. Burial Lake’s surface area and volume are considerably smaller, but it had the highest total
phosphorus of all WACAP lakes. Both lakes had fairly high dissolved organic carbon, an important
factor in mercury methylation in lake systems. Acid neutralizing capacity of both lakes was high.
Air

The primary SOCs detected in air were HCB and a-HCH, both historic-use pesticides known to be

distributed by cold fractionation. Low concentrations of endosulfans chlordanes, g-HCH, and PAHs
were also detected.

Snow

Mercury flux to the snowpack at Burial and Matcharak lakes was low compared to that at the other
parks. SOCs varied considerably among collection sites and inter-annually. Compared to values at the
other parks, SOC flux was low for dacthal and chlorpyrifos and mid to high for endosulfans and
a-HCH.

Vegetation

No conifers were present at these Arctic sites, so we collected only lichens. Here we observed the
lowest concentrations of SOCs, nutrients, and toxic metals, including Hg, among the parks. Concen-
trations approached detection limits for many SOCs. However, we detected dacthal, endosulfans,
HCB, a-HCH, PCB153, and the PAHs retene, CHR/TRI, and FLA. Compared to values at other parks,
concentrations of many rare and trace elements were relatively high at Matcharak Lake. High mineral
content in regional lithology is the likely source.

Fish

Numerous parasites (worms) were found in the overall normal lake trout from both lakes. Fish
analyzed were the oldest in WACAP, with maximum ages of 33 and 41 years for fish analyzed for
SOC and metals, respectively. Spleen macrophage aggregates were positively related to mercury in
fish less than 15 years of age from Burial Lake. Concentrations of historic-use SOCs in fish were
generally mid-range compared with those at all other sites, whereas current-use SOCs were some of
the lowest measured in fish. The median dieldrin concentration in Burial Lake, as well as dieldrin
concentrations in some individual Matcharak Lake fish, exceeded contaminant health thresholds for
subsistence fishers. Mercury concentrations were high, indicating high mercury methylation and
bioaccumulation in NOAT and GAAR. Mercury concentrations exceeded thresholds for wildlife
health, and the median mercury concentration in Burial Lake and in some fish in Matcharak lake
exceeded the human contaminant health threshold.

Sediment

Many of the SOCs were below detection limits in the sediment profiles for both lakes. In addition,
SCPs were not present. Mercury percent enrichment profiles were generally very low, but showed
similar increasing trends from about 1875 in each lake. This pattern reflects the general increase in the
global background of Hg in the atmosphere caused by human activities, largely coal burning and
smelting.
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ak National Preserve and
S of the Arctic National Park and Preserve: Site Characteristics

NOAT, GAAR

Burial Lake

Location: 68.43N 159.18W
Elevation: 429.8 m
Maximum Depth: 24.1 m
Surface Area: 65.5 ha
Watershed Area: 264.9 ha

Matcharak Lake

Location: 67.75N 156.21W
Elevation: 502.3 m
Maximum Depth: 20.4 m
Surface Area: 300.7 ha
Watershed Area: 2388.3 ha
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Noatak National Preserve and

Gates of the Arctic National Park and Preserve: Contaminant Summaries

¢ Snow Contaminant Fluxes ¢

¢ Whole Fish Contaminant Concentrations ¢

108 — 10°
- o
@ Burial Lake -
o
O Matcharak Lake ] I Burial Lake
105 [ @ Kangitipack [Nl 104 e O ] O Matcharak Lake | |l Ol
<0 *Yellow boxes ® © *Yellow boxes denote range
288 denote range of values for all parks.
SNN of values for [e)
. all parks. 108 ees . .- @®.. o0 5¢ 150009006650001 |50 o0nao FY|Lcco000000000|lo 00000000000
1044 bb e ol |l = o a -
] - o
_ o] =R Ol SRR DO SO [ i< e U =
a0 | B b fe P | E ? . g
s 5} z O 5 =
£ — |o TR RS TR ol T ] g
= (©] — — —
510240 || |- . | 00 . ) ;3 o \g
< 10| rof = =
x 8 Q0 | 1) o £ 100 I . . FURRUN | Bl B o | SRR ol i PRRURRY B PO <
= | [ i
w 1014 .‘. L. . L. 8 | T | o o Y | P <@ <2
, 1181 || 8 o S 1) AR LR (I —— g
> oo o s [ =
1004 |- j 8 R 3 14 I o O { FRRPRRY! | REPRRY | EPPREEY E i I
° 102+ H | : B Contaminant Health
5 o) L | Thresholds
N @ Piscivorous Mammal
1014 . L Lefpde oo oo | R - - 0N | WL [ e P @ Piscivorous Bird
L O Human (recreational)
o Below Detection Limit L | @ Human (subsistence)
T O o @ PP o 0P 3 PR
NP %07 @ O @ N & XN > N 2 %07 & O ol & & W& (07 £° & &
e < & \ O G X & NPT W 0O NS 8
6\§\ ‘Q*\\ oF Q;\'\ _— o e Rl “\ &© a N &*\\ & g,\?\ SR o e EOLRN\ ! Q%O V‘\e’& I OOQQ N
ST QN ST Q &

[] Current-Use Pesticides [ Historic-Use Pesticides [] Combustion

¢ Vegetation Contaminant Concentrations ¢

By-products [J Industrial Compounds [ Metals [ Current-Use Chemical

¢ Sediment Organic Contaminant Fluxes ¢

106 — SURFACE
2000 * o O ¥ PR U RO | BURSUUN ISR
105 { @NOATS5 fooc ||+ R | P * o * % %
OGAARL |52 i ISR SR 2
ONOAT3 gi) 19804 -4 * ...................... * ..................... * .......................................
104 ONOATL | [ e " S
% h * D %
o Below Detection Limit
_ G0 | g o= 000090005 000000000d |boanoasoacoaad | M || [loooocod 1@EDfacanaalfeccoadhananac||aaazand higaooadiaasoool[lcoosoiboosoo ['SERTE) ERRURRY | URRURY RYRRYS | SUPYRRY PRURRRY | FRERRR) ERRERRY
2 | = % b % *
(=2} =
k) =
SR1020 1| (R (I—" ——— [N | ©
2 ; 19407+ ESRAR A TR ERRRY | ERRREEN IR AR PR RN | ERRRR) EEREN ERRRA %
£ s 5 & =]
(=2}
= 1014, a.. |l |2 >
g 10 a =]
5 = [eR) eoosoo beoasadiasacadjacoasodbosoacd soncanol| locasatbeoacadiosacad joocacay | eeeonc]|eoocor | AR R
2 * * * * *
1004 il L
19001 Mmm BurialLake || — FirstUSUsage ||| 7|
102 bbeel e G [ Matcharak Lake -- BanDate
T T ¥ Below Detection Limit
, Endo- | Chlor- | |, chlor- | . .| y
102420 0 1880 sulfEne pyrifos Dacthal SEmES DDTs PAHs PCBs PBDEs
*Yellow boxes denote
range of values for
all parks.
103 NP . o — 1860 1 |
@ 2 S =3 o o o o o o o o o o o o o o o o o
§O (T 0T 00T o g 8 ¥ S 8 § 3§ 388 8 8 & & g g
RN MR e s = @ 9 ~ o~
&7 Q° & ~ < <
< @) Q N
Focusing Factor-Corrected Flux (ng/m?@/yr)
¢ Sediment Flux & ¢ Sediment Metals Enrichment ¢
OO0+ 2000 g eree{ @ e g @
o D =S < —O0— Burial Lake e I I S - (N N AR o
No Spheroidal —O— Matcharak Lake
19504 CarboNaCeaUS '« «f== = P L0 ool faocaoanoadponoagpdannananl|sansananccanffucacidanaananacadhosooacssansndricananandkoanan
Particles Detected
I ®
B 2025 +vvee bl 29254l ol [ NS
FEl /B cocoanacaascaanoanoaasad|jacad f foaasaaasosanaasanacaancad 1900 J e e R R
BE.Y{ 00 000000000000cca000000djoccifhbono e e REYCRooffioocccccedleanoy dooosossl annoaacaacasel ussssacassasdbossssac leoeccansacanaasss
otal Organic .
v Cadmium Mercury
1850 T T 1 T T 1850- T T T
0 100 200 1 2 3 4 5 50 -50 0 50 0 50 100
no/m2/yr g/m?lyr

Focusing Factor-Corrected Flux

Percent Enrichment

w.nature.nps.gov/air/studies/air_toxics/wacap.cfm

Western Airborne Contaminants Assessment Project

2-7




CHAPTER 2. PARK SUMMARIES

Denali National Park and Preserve

2-8 WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



CHAPTER 2. PARK SUMMARIES

Summary: Denali National Park and Preserve

Wonder Lake and McLeod Lake were very different from one another in most physical characteristics, as
well as in many chemical parameters. Wonder Lake is a deep, large lake with high pH, specific conduc-
tance, acid neutralizing capacity, and sulfate concentration. McLeod Lake, by contrast, has very low
specific conductance and acid neutralizing capacity. Both are characterized by fairly small watersheds.

Air
Similar to SOCs at sites in the Arctic, the primary SOCs detected in air were HCB and a-HCH, both

historic-use pesticides. In addition, low concentrations of endosulfans, chlordanes, g-HCH, and PAHs
were detected.

Snow

Contaminant deposition fluxes in snow for DENA were among the lowest in all the parks, with low
concentrations and shallow snowpacks. Among the DENA snowpack samples, the Kahiltna site had the
highest deposition fluxes of most contaminants. Concentrations were similar to those in the other samples
in DENA, but greater snow water equivalent at this site caused contaminant fluxes to be higher than those
measured at the lower elevation sites. This pattern is typical in mountains and other environments where
large precipitation gradients are present. These results demonstrate that contaminant fluxes measured in
snowpack at a single site might not be representative of an entire park.

Vegetation

After NOAT and GAAR, DENA had the lowest concentrations of SOCs, nutrients, metals, and mercury in
vegetation among the parks. Concentrations were low for agricultural chemicals and PCBs, but higher for
PAHSs. The pesticides detected were HCB, endosulfans, a-HCH, and dacthal, and all increased with
elevation. The dominant PAHs were retene and CHR/TRI, possibly attributable to wildfire, and decreased
with increasing elevation.

Fish

Fish historic-use SOC concentrations were in the mid to high range among parks for selected compounds
and among the lowest measured for most current-use SOCs. Median dieldrin concentrations in Wonder
Lake fish and in some individual fish in McLeod Lake exceeded contaminant health thresholds for
subsistence fishers. Median mercury concentrations in both lakes exceeded contaminant health thresholds
for piscivorous birds (kingfishers), and Wonder Lake also exceeded contaminant health thresholds for
mammals (otter and mink). Spleen macrophage aggregates were significantly higher in Wonder Lake fish
than those in lake trout from NOAT and GAAR. The reasons for this finding are unknown. Macrophage
aggregates were positively related to mercury concentrations in Wonder Lake, a pattern that was observed
for most of the lakes. Very few fish were available from McLeod Lake, despite two sampling efforts (2004
and 2005). All fish appeared reproductively normal.

Sediment

Sediment fluxes of most of the SOCs found in other lakes were below detection in the DENA sediment
profiles. PCBs were present, but at low concentrations—about the same order of magnitude as in the other
Alaska lake sediments. Wonder Lake showed distinct and similar percent enrichment increases from at
least 1920 to the surface for both mercury and lead, probably as a result of increasing global background
concentrations. McLeod Lake sediments did not show a similar trend. No SCPs were found in either
sediment profile.
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tional Park: Site Characteristics

Wonder Lake

Location: 63.48N 150.88W
Elevation: 605.0 m
Maximum Depth: 70.0 m
Surface Area: 265.6 ha

Watershed Area: 3212.4 ha

Wonder Lake
Watershed

McLeod Lake
Watershed

McLeod Lake

Location: 63.38N 151.07W
Elevation: 563.9 m
Maximum Depth: 13.5 m
Surface Area: 35.9 ha
Watershed Area: 236.8 ha
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Denali National Park: Contaminant Summaries
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CHAPTER 2. PARK SUMMARIES

Summary: Glacier National Park

Oldman and Snyder lakes share many physical characteristics. However, Oldman Lake has a much greater volume
and greater maximum depth, as well as greater specific conductance, pH, and acid neutralizing capacity. Snyder
Lake is more productive, with higher total phosphorus, nitrogen, and chlorophyll-a. At GLAC, air, vegetation, and
snow had among the highest concentrations for current-use pesticides, compared with these media at the other parks.
The source of these compounds probably was regional agriculture within a few hundred kilometers of the park.

Air

Compared to measurements at the other parks, high concentrations of SOCs detected in air include PAHs, dacthal,
endosulfans, HCB, a-HCH, and g-HCH. Low concentrations of chlordanes and PCBs were also detected. Concentra-

tions at Oldman Lake, east of the Continental Divide, were higher than those at Snyder Lake, west of the Continental
Divide.

Snow

Snow water equivalents, contaminant concentrations (except PAHs), and contaminant flux to the snowpack in
GLAC were similar to those at the other parks. For PAHs, the concentrations and fluxes at Snyder Lake were
substantially higher than those at Oldman Lake. Mercury flux to the snowpack was near average among parks, but
fish concentrations of mercury were below average, indicating low rates of mercury methylation and bioaccumula-
tion, similar to rates at ROMO. SOC concentrations in snow varied considerably among the sites sampled. However,
within the same year, the range for all contaminants in GLAC was typically within an order of magnitude. PAH
concentrations in snow at Snyder Lake were always higher than at the other sites, and among the highest at all parks.

Vegetation

Numbers and concentrations of PAHs detected were highest at GLAC than at other parks. Proximity to an aluminum
smelter suggests a local source of PAHs contributing to the high concentrations. Other SOCs (endosulfans, dacthal,
DDTs, g-HCH, a-HCH, HCB, triallate, chlorpyrifos, and PCBs) were in the mid to upper ranges compared to those
at other parks. Dacthal, endosulfans, HCB, a-HCH, chlorpyrifos, DDTs, PCBs, and PAHs were higher on the west
side of the park, attributable to precipitation and temperature. Triallate, chlorpyrifos, and g-HCH were higher on the
east side of the park, probably because of agricultural intensity. Enhanced nitrogen and sulfur deposition related to
regional agricultural intensity is of concern. Many rare but not highly toxic elements were higher in lichen at GLAC
than in lichen at other parks. Because forest productivity is high, pesticides scrubbed from the air by vegetation
probably contribute significant contaminant loads to the ecosystem via canopy through-fall and needle litter-fall.

Fish

Pesticide concentrations (dacthal, g-HCH, HCB, dieldrin, and chlordanes) in fish in Oldman Lake were higher than
those in Snyder Lake, possibly related to agricultural intensity. One fish from Oldman Lake exceeded contaminant
health thresholds for piscivorous birds (kingfishers) for chlordanes, and the median concentration of DDTs from
Oldman Lake exceeded the contaminant health thresholds for piscivorous birds. Fish in both lakes exceeded king-
fisher thresholds for Hg. Lake average dieldrin and p,p’-DDE fish concentrations in Oldman Lake exceeded
contaminant health thresholds for subsistence fishers. Dieldrin concentration in one fish from Oldman Lake
exceeded the contaminant health threshold for recreational fishers. Mercury increased with increasing age of fish in
Snyder Lake. Kidney and/or spleen macrophage aggregates were significantly related to mercury and age at both
lakes. All fish appeared reproductively normal, but elevated concentrations of estrogen-responsive protein were
found in males from both lakes. One intersex male was found at Oldman Lake. These data suggest endocrine
disruption.

Sediment

SOC profiles are consistent with the first usage of these chemicals in the United States, but most have not decreased
since use ceased. Snyder Lake profiles generally show greater contaminant flux than Oldman Lake profiles. PAHs in
Snyder Lake indicate some decline in the recent sediments since approximately 1990. Lead, cadmium, and mercury
profiles increase from approximately 1875 and decrease beginning in the 1960s. These profiles suggest a common
historic source that might have been affected by reductions in emissions related to the Clean Air Act. This relation-
ship is supported by the pattern observed in SCPs.
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National Park: Site Characteristics
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Glacier National Park: Contaminant Summaries

¢ Snow Contaminant Fluxes ¢ ¢ Whole Fish Contaminant Concentrations ¢
106 E— 105
| o
@ Snyder Lake O Aster o B Snyder Lake
@ Preston O Granite Park 208 e O I Oldman Lake | Il . Ol L.
105+ : | EXRPRE | FRPRERY °
e pgte} *Yellow boxes ° *Yellow boxes denote range
888 denote range ® O of values for all parks.
NN 0fVa|ufo0l’ [©) 108 oen 000000000l _bod|}aa000a0000a00000000¢ bonnooonnoconaf l e ar - @ - - |[EEEXCEEILIEET [=[TEEETTEErITE
104 o o o
= (€] o e E =
%102_ ....... Bnooonanodfand |hasacnaacnscancaaanaaab e QU o| WL 565 noanna0nnananaancaang _*g’
= E ° 2 E
> = ° L] =
& Q101 @eee ] [ AUYS T | PURURRUUUUN | PURURN I TR (N PRSI ()
£ =z 10 o =
= (=2 (=2}
© 102+ > (6] >
£ £ £
é ._5100_. - e _O_ . . N ¥ .| e e ﬁ
E w w
[} (4}
1041 S S
-é 101 . | . . L{ . | . N AL . | b -§
100
10»2_. .| . . | . e BRI At .| C()ntamirlant Health i
Thresholds
N @ Piscivorous Mammal
104 L B | EEEEREN | SRR | 1084 | VT | I TP IUTTUOURUUY | BUPRRPRPIN @ Piscivorous Bird
O Human (recreational)
© Below Detection Limit L ©Human (subsistence)
O @ @ P < P o o O AR S <> ot o S S o0
TSR GRS MO MO 22 N 807 0 GOF ool X o S (@ (07 2 Y o e e
N S Y Y a8 T o oC0 (o A S SR B W Q0P 50% (o QO R\ &% 1N
6060 O‘Q* S CaliY AR \0‘6 < ® “\e‘ é0‘-,\) \0&* o > ¥ \0‘6 oY W 9 © V‘\e‘ 0@6‘(\ OOQ V
e <« N

[ Current-Use Pesticides [ Historic-Use Pesticides [ Combustion By-products [ Industrial Compounds [J Metals [J Current-Use Chemical

¢ Vegetation Contaminant Concentrations ¢ ¢ Sediment Organic Contaminant Fluxes ¢
106 — SURFACE
h 1] 1 0 I
@ GLACA 200041 o SR A S| SRS SR S
1054 | ® GLAC3 EE R | e b i |
OGLACS |28 ! b i Tt R
oGLAC? (53 1080L-+ s ool b ISSUUURR | SUROOS RS O
1044 OGLACL =7 fofb i I
o Below Detection Limit 1] I .
1@ T | S 1630 lo00000dpasosadhoanacs|{ascoaadbeassodsooaans|lessaacipaaseadboaacss
£ =
= <
o >
2 1024 .| ©
5 10 s FL7.10} FEPUURE FEPRPP PRPPRRY FETPPPY RPUON NETERR! | EEPRPS FRPPPP Srrreey ETersy | EERPRRY [RPPPRE | RRPPPSY RPPRRE RRPPPR FRPRRRE
= =
= S §
=2
S 1014 3 > .
=) £ 19201..| M SnyderLake | | LW — FirstUSUsage  [}| | |
8 2 [ Oldman Lake -- BanDate
* Below Detection Limit
n 1004
19004 A b
o= BRI | (I (R * *
5 Endo- | Chlor- | l.. Chlor- | | B
1024 1 T T I . 1880 sulfEne pyrifos Dacthal SEmES DDTs PAHs PCBs PBDEs
*Yellow boxes denote
range of values for
all parks.
103 1860
o o o o o o o o o o o o o o o o o
(=] o < < N N < < o o o o © © o o
© © — — < < o o o o N N N N
< < =3 =3 b= =
Q N I 5

~N
Focusing Factor-Corrected Flux (ng/m?@/yr)

4 Sediment Metals Enrichment ¢

—O— Snyder Lake
—O0— Oldman Lake

18759+ - Spheroidal e YO
Carbonaceous Total Organic
Particles (x10%) Carbon

3 Cadmium

1850 T T T T T T T
100 200 300 O 5 10 15 20 25 0 100 200
no/m?lyr g/m2/yr
Focusing Factor-Corrected Flux Percent Enrichment

.nature.nps.gov/air/studies/air_toxics/wacap.cfm Western Airborne Contaminants Assessment Project 2-15




CHAPTER 2. PARK SUMMARIES

Olympic National Park

2-16 WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



CHAPTER 2. PARK SUMMARIES

Summary: Olympic National Park

The two OLYM lakes, Hoh and PJ, were similar in many ways, both physically and chemically. However,
PJ Lake was clearly more productive, with higher total phosphorus, chlorophyll-a, pH, and specific con-
ductance. PJ Lake had smaller mean and maximum depths and was frequently affected by avalanches that
brought trees and other debris into the lake.

Air

The primary SOCs detected in air were endosulfans, HCB, and a-HCH. Low concentrations of PAHs,
PCBs, g-HCH, trifluralin, dacthal, and chlordanes were also detected. SOC concentrations at Hoh Lake on
the west side of the park and PJ Lake on the east side were nearly identical.

Snow

Unusually warm conditions with heavy mid-winter rains occurred during the study period (2002-2005).
Because mid-winter rain or snowmelt can wash contaminants out of the snow, and ancillary data indicated
substantial loss of water from the snowpack prior to spring sampling in 2003 and 2005, snowpack samples
were collected in 2004 only. Two sites near PJ Lake had fairly high mercury fluxes in the 2004 snowpack,
whereas mercury deposition flux in the Hoh Lake snowpack was somewhat less. These results were
surprising, given that there are few known local or regional upwind sources. One possible explanation is
that deposition from regional sources to the east can reach OLYM on easterly airflows.

Vegetation

Like those for MORA, SOC and Hg concentrations in vegetation were at mid to upper ranges compared to
concentrations at other parks. PAHs were the dominant SOCs detected. Other SOCs were endosulfans, a-
HCH, HCBs, and dacthal, and concentrations of these SOCs varied substantially. We observed low
concentrations of chlorpyrifos, trifluralin, and PCBs. Nutrients and other metals in vegetation were within
expected ranges. Because forest productivity is high, pesticides scrubbed from the air by the vegetation
probably contribute significant contaminant loads to the ecosystem via canopy through-fall and needle
litter-fall.

Fish

Concentrations of SOCs in OLYM were generally among the lowest for dieldrin, mirex, and chlordanes,
and average for other pesticides. Fish mercury concentrations were among the highest of all parks,
exceeding contaminant health thresholds for piscivorous mammals (otter, mink) and birds (kingfishers),
and some fish from both lakes exceeded the human contaminant health threshold. Mercury and
macrophage aggregates increased with increasing age of fish in both lakes. Spleen and kidney macrophage
aggregates were also positively related to mercury in both lakes. All fish appeared reproductively normal.

Sediment

Sediment profiles for SOCs in both lakes were generally below detection limits (except for PAH and
PCB). Mercury, cadmium, and lead show increasing percent enrichment toward the surface (present time)
beginning in the late 1800s, and stabilize at the surface at fairly high percent enrichment values. This
relationship suggests a possible common source. SCPs showed a historic peak in both lakes around 1950
and generally decreased toward the surface.
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Olympic National Park: Site Characteristics

PJ Lake

Location: 47.95N 123.42W
Elevation: 1383.8 m
Maximum Depth: 6.4 m
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Olympic National Park: Contaminant Summaries
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CHAPTER 2. PARK SUMMARIES

Mount Rainier National Park
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CHAPTER 2. PARK SUMMARIES

Summary: Mount Rainier National Park

Lake sites in MORA are very closely matched in both physical and chemical aspects. Golden Lake
and LP19 are typical small sub-alpine lakes with low productivity, low conductivity, low nutrients,
and small watersheds.

Air
The primary SOCs detected in air were the endosulfans, HCB, and a-HCH. Low concentrations of
g-HCH, trifluralin, dacthal, and chlordanes were also observed.

Snow

Average winter precipitation rates at MORA are the highest among the parks, so contamination fluxes
are moderate to high, even though snow concentrations are mid-range for the parks. Contaminant
fluxes were fairly low in 2005, reflecting shallow snow accumulation and low snow water equivalent
that year.

Vegetation

SOC and Hg concentrations in vegetation were at or well above the concentrations observed at the
other parks. Dominant SOCs were PAHs, endosulfans, a-HCH, HCB, and dacthal. Detectable but low
concentrations of chlorpyrifos, dieldrin, DDTs, and PCBs were also observed. Chlorpyrifos, dacthal,
endosulfans, HCBs, HCHs, chlordanes, DDTs, and PCBs increased with elevation. PAHs, dominated
by CHR/TRI, PHE, and retene, decreased with increasing elevation. Nutrients and metals were within
expected ranges. Because forest productivity is high, pesticides scrubbed from the air by vegetation
probably contribute significant contaminant loads to the ecosystem via canopy through-fall and needle
litter-fall.

Fish

Contaminant concentrations in fish were generally mid-range, except for PBDEs in Golden Lake fish,
which were the highest among all fish at all lakes. The median dieldrin concentration of fish in Golden
Lake and some individual fish in LP19 exceeded contaminant health thresholds for subsistence fishers.
Mercury concentrations in all fish from both lakes exceeded contaminant health thresholds for birds
(kingfishers), and some fish exceeded thresholds for piscivorous mammals (otter, mink). Mercury
concentrations in some fish from LP19 exceeded contaminant health thresholds for humans. These
mercury values indicate favorable conditions for methylation and subsequent bioaccumulation of
mercury. Mercury and macrophage aggregates increased with increasing age of fish in LP19, but not
in Golden Lake. Spleen and kidney macrophage aggregates were positively related to mercury at LP19,
but only kidney macrophage aggregates were related to mercury at Golden Lake. All fish appeared
normal reproductively, although one male from Golden Lake had elevated concentrations of estrogen-
responsive protein in the blood.

Sediment

Many of the sediment SOCs were below detection limits. When they were present, the two lake

profiles showed some similarities. PAHs and PCBs showed the highest sediment fluxes. Mercury and
lead had both increased since about 1900, suggesting a common source. Mercury showed a rapid
percent enrichment near the surface (present time) of both lakes. The source of this increase is unknown,
but global warming, increased global background, and/or trans-Pacific sources could be responsible.
SCP profiles declined towards the surface, and did not correspond to changes in metal profiles.
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inier National Park: Site Characteristics
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Mount Rainier National Park: Contaminant Summaries

¢ Snow Contaminant Fluxes ¢ ¢ Whole Fish Contaminant Concentrations ¢
106 T 1 10°
@ Mowich O Fell Fields o
O Paradise @ Alta Vista o I Golden Lake
@ Protection @ Edith Cornice 7 [e} O LP19 o
105 |® Sugarloaf ~ f.... L A | AR SIS o
R *Yellow boxes ° e *Yellow boxes denote range
SO denote range ° of values for all parks.
GIIGIOS of values for 1034 Ol @ o
4 | allparks.
10 o O O
] o
& 1@2|peaacananaaasaanans O ............................. Q... . ....... el b =
103 b B | pee g o g
2 o B [e) 3
NE 2 g0t aaononod|boacyoane o b o I ....... 2
? 1024 L. b E 9 \g ] o [ i é:
= 1| = I . 5
; D O Eloo_ el [t TS T B E
[ © 2
1o ol T8 g E
© S 1008 L T®UT Flem T R el [ f ]
10 L2 1KY N % N S A % | A ) I S0 S I | R | BRETRRE | PP
10-2_ p . . Lo} - P b . | . Contaminant Health
— l Thresholds
1 = @ Piscivorous Mammal
10 e R | ERRRRE | RRRRRR | AR 1084 |+~ | S I B R e RS H B BBAARAE08 | - - o 20 @ Piscivorous Bird
OHuman (recreational)
o Below Detection Limit L © Human (subsistence)
102 104 =
> o Q& ° ° ) © @ @ (A P & O L et e ¢S SRR
PR GO NN SIS\ S LR\ ©© 0@ @ 4 PP A S b 0P 0 @ & O
NN N o i 9 < N (S T YA o 0T W 0P o 0F N Y R\ % 1Y
6090 \o‘& oF ¢ 2t @ \0& < AR 6090 o‘& o §F @ @ \0\6 © o o O"’&Q oo v
23 X & X

[J Current-Use Pesticides [ Historic-Use Pesticides [ Combustion By-products [ Industrial Compounds [J Metals [ Current-Use Chemical

¢ Vegetation Contaminant Concentrations ¢ ¢ Sediment Organic Contaminant Fluxes ¢
106 —_— SURFACE
I * n i *
P ! AU SO IR BRI JUUY U NPT SRUDRN | PR =R . . s
@ MORAS 20000 AR S O 0 e
1051 { @MORAZ [Dg | [t e|pf [t *  |x | B H b
OMORA4 (&% U T b =
OMORA2|58 1980 B RN S R IO e R S e
1044 ] OMORALIE® |- [feeeeeenienn L L DooqEes
B % b--- R
o Below Detection Limit 0 ]
il
S0 g o 00 000000000000000000|[losasacanaosad| | S 1EEDo0av00dlvscsadboaaonol|geocandboanaodhoaccas | [ PO I
g = i i 0
° M £ * & i
[} = =
2 10248 b L .| ©
_-910 2 19404 o f e b
= =
= S g
2 2
2104 N * * =]
o > 1920 . T N . P | A
o T
D oo Ll B e F b
* % b
19001 - - aodbcaooodhoosoao a006{lsooccadbosanos||anosoad . boconos|Rao
I Golden Lake — First US Usage
al(oje o il W auaU R |t jaedl [ sasasaaaagag | o CILP19 - - Ban Date
: , ¥ Below Detection Limit
. . Endo- .|  Chlor- | . .. chlor- | ... U R
po2d 20 L o 1880 SullEns pyrifos Dacthal EEs DDTs PAHs PCBs PBDEs
*Yellow boxes denote
ralxlnge l?f values for
. all parks. — - L e
S @ > o 5 o o o o o o o o =) o o o o o o o o
RERIRNIE At QRO NGRS o g g 8 ¥ ¥ § § 3§ 3§ 88 8 s & & 2 g
b o ¢ @ KR S ¥ oS g N~
&7 QO NI 3 v
< @) N Q
Focusing Factor-Corrected Flux (ng/m?2/yr)
¢ Sediment Flux & ¢ Sediment Metals Enrichment ¢
20004 e B i O e
—o— Golden Lake | 197°] O RN Yy
—0— LP19
19507 : o T Qe L
] I
D 1925-B ool 9 1925 e L f
= *SCP data from =
second core.
190042+ vvvrern | » 1900 s o T
1875- Spheroidal ................................ 1875+ T AP WY AU e P
Carbonaceous Total Organic ;
Particles (x103) Carbon cadmiim W EERY
1850 T T T T T 1850 T T T T T —T T T T T
50 100 150 O 5 10 15 100 0 500 1000 0 100 0 100 200 300
no/m2/yr g/m3lyr
Focusing Factor-Corrected Flux Percent Enrichment

w.nature.nps.gov/air/studies/air_toxics/wacap.cfm Western Airborne Contaminants Assessment Project 2-23




CHAPTER 2. PARK SUMMARIES

Rocky Mountain National Park
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CHAPTER 2. PARK SUMMARIES

Summary: Rocky Mountain National Park

Mills and Lone Pine lakes are characterized by low specific conductance and acid neutralizing capacity, typical
of many sub-alpine lakes. Compared to lake surface area, their watershed areas are among the largest of all the
lakes. Total nitrogen is fairly high at Mills Lake. For many SOCs, snow and sediment fluxes were higher at
Mills Lake, on the eastern slope of the Continental Divide, where there is greater potential for transport from
local and regional agricultural sources than for Lone Pine Lake on the western slope.

Air

There were four air monitors on the west side and one monitor on the east side of the Continental Divide. East-
side concentrations for those SOCs detected by this method were similar to west-side concentrations, indicating
no obvious east-west differences. The primary SOCs detected in air were PAHs, dacthal, endosulfans, HCB,
a-HCH, and g-HCH. Low concentrations of the PCBs, chlordanes, and trifluralin were also detected.

Snow

Snowpack deposition fluxes of endosulfans and dacthal were high in ROMO compared to fluxes at most other
parks, and fish concentrations of these compounds were high as well. Mercury deposition fluxes in the snow-
pack were high relative to those at other parks; however, fish mercury was low, indicating low rates of mercury
methylation and bioaccumulation. Contaminant fluxes measured in the snowpack do not account for atmos-
pheric deposition during summer rains. However, summer precipitation is higher in ROMO than in most other
parks, and rainfall concentrations of many contaminants are also high, indicating that a larger significant source
of contaminant deposition was unmeasured. Deposition fluxes of dieldrin in the snowpack were also consis-
tently higher at Mills Lake than at sites to the west, suggesting re-emission from contaminated soils to the east
(dieldrin was manufactured in Denver) and subsequent transport on upslope airflow.

Vegetation

Unlike concentrations in sediments and snow, SOC concentrations in vegetation were in the low to median
ranges compared to those at other parks and not different on east and west sides of the Continental Divide.
SOCs detected in vegetation were PAHs (mostly CHR/TRI, retene, PHE, and ANT), endosulfans, g-HCH,
a-HCH, dacthal, HCB, chlorpyrifos, DDTs, and PCBs. Lichen concentrations indicate enhanced nitrogen and
sulfur deposition; metals were within expected ranges for remote sites.

Fish

Mercury and macrophage aggregates increased with increasing age of fish in both lakes, although mercury was
fairly low. Spleen and kidney macrophage aggregates were also positively related to mercury in both lakes.
Endosulfans and dacthal were fairly high. Additional lakes (9 total) were sampled as part of a related NPS
study and elevated estrogen-responsive protein was found in males from four of the nine lakes. Poorly
developed testes and/or intersex male trout were also found in five of the nine lakes sampled. These data
suggest that endocrine and reproductive disruption is occurring in several park lakes. Dieldrin concentrations in
all fish exceeded contaminant health thresholds for subsistence fishers and some fish from both lakes exceeded
thresholds for recreational fishers. Mercury concentrations in some fish exceeded contaminant health thresholds
for piscivorous mammals (otter or mink) and/or birds (kingfishers) at both lakes.

Sediment

Lake sediment profiles indicate that fluxes of most current-use pesticides, historic-use pesticides, and urban
chemicals have steadily increased since their use in the USA began and no widespread decrease in flux or
enrichment has occurred. In Lone Pine Lake, lead, cadmium, and mercury show a similar historic increase in
the lake sediments beginning around 1875 that could be related to a common source, such as metal mining and
smelting. Mills Lake shows similarity in the profiles for these metals beginning later, around 1915, but the two
systems show similar mercury enrichment. All three metals have decreased in recent times.
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| Park: Site Characteristics
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Rocky Mountain National Park: Contaminant Summaries
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CHAPTER 2. PARK SUMMARIES

Sequoia and Kings Canyon National Parks
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CHAPTER 2. PARK SUMMARIES

Summary: Sequoia and Kings Canyon National Parks

Emerald and Pear lakes are similar physically and chemically, although Emerald Lake is a bit shallower and has
slightly higher total phosphorus and nitrogen. Compared to the other sites, they are among the most dilute,
poorly buffered (i.e., have low acid neutralizing capacity), and oligotrophic (low productivity) systems. At
SEKI, air, vegetation, and snow had among the highest concentrations for current-use pesticides, compared
with these media in the other parks. The source of these compounds could be regional agriculture within a few
hundred kilometers of the park.

Air

SOCs detected in air were trifluralin, dacthal, endosulfans, chlorpyrifos, and g-HCH, all of which are current-
use pesticides. In addition, HCB, a-HCH, dieldrin, PCBs, and PAHs were detected. Most SOC concentrations
in air ranked high relative to those in other parks and more SOCs were detected in SEKI than in other parks.

Show

Atmospheric deposition in SEKI is dominated by deep snowpacks with high snow water equivalent. Concen-
trations of many current-use pesticides and historic-use pesticides were high, producing high deposition fluxes
in the snow. In contrast, with few local or regional sources of mercury emissions upwind, mercury concentra-
tions in the snow were generally low, producing only moderate fluxes of mercury deposition. Summers are
generally quite dry in SEKI, providing less opportunity for wet deposition of contaminants in rainfall than
wetter summers at parks in the Rocky Mountains.

Vegetation

SOCs, Hg, and nutrient concentrations in SEKI vegetation were in the median to highest ranges among the
parks, attributable partly to intensive regional agriculture. SOCs detected in vegetation were PAHs (mostly
retene, CHR/TRI, PHE, FLO, FLA, and PYR), endosulfans, dacthal, DDTs, chlorpyrifos, HCB, g-HCH,
dieldrin, a-HCH, and PCBs. Lichen concentrations indicate enhanced nitrogen and sulfur deposition.
Concentrations of endosulfan, dacthal, HCH, HCB, and chlorpyrifos in lichens increased with elevation.
Because forest productivity is high, pesticides scrubbed from the air by vegetation probably contribute
significant contaminant loads to the ecosystem via canopy through-fall and needle litter-fall.

Fish

Mercury and macrophage aggregates increased with increasing fish age in both lakes. Spleen and kidney
macrophage aggregates were positively related to mercury at Pear Lake, but only kidney macrophage aggre-
gates were so related at Emerald Lake. All fish appeared normal reproductively. Current-use SOC concentra-
tions in fish were among the highest measured. Lake average dieldrin and individual fish p,p’-DDE concentra-
tions in both lakes exceeded contaminant health thresholds for subsistence fishers; the dieldrin concentration in
one fish in Pear Lake exceeded the threshold for recreational fishers. In at least one fish from each lake,
contaminant health thresholds for mercury and DDTs were exceeded for one or more piscivores (otter, mink,
kingfishers). Two fish from Pear Lake exceeded the human contaminant health threshold for mercury.

Sediment

SOC flux profiles are very similar in both lakes, and SOCs appear after being registered for use in the USA.
DDTs and chlordanes decrease after being banned in the USA, but PCBs are still accumulating. Mercury began
to increase in both lakes in the late 1800s, and lead began to increase around 1900. Mercury profiles are similar
in both lakes, in that they tend to stabilize, noisily, at about 100% enrichment. Lead and cadmium profiles are
similar in Pear Lake, both peaking in the 1970s and decreasing toward the surface (present time). SCPs were
first detected in the late 1800s, but the patterns in both lakes are not closely associated with metal flux profiles,
suggesting that major high temperature combustion sources were not the primary historic source of metals to
the sediments.
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and Kings Canyon National Parks: Site Characteristics

Pear Lake

Location: 36.60N 118.67W
Elevation: 2907.8 m
Maximum Depth: 27.0 m
Surface Area: 7.3 ha
Watershed Area: 142.0 ha

SEKI

Emerald Lake
Watershed Pear Lake Watershed

Emerald Lake

Location: 36.58N 118.67W
Elevation: 2810.3 m
Maximum Depth: 10.0 m
Surface Area: 2.5 ha
Watershed Area: 121.3 ha

0 15
— —

Kings Canyon portion of SEKI not shown. kilometers
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Sequoia and Kings Canyon National Parks: Contaminant Summaries
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CHAPTER 2. PARK SUMMARIES

Secondary Parks

The pages that follow have been prepared to provide the reader with a summary of contaminant results
for air and vegetation sampling in each secondary WACAP park. The word park, as used here,
encompasses federally managed lands, including national parks, monuments, preserves, and wilder-
ness. The objectives and design for sampling in the secondary parks are described this report in
Section 1.3, Park Selection, Section 3.4.3, Air, and Section 3.4.4, Vegetation.

The one-page key on page 2-33 provides explicit detail regarding each block of information the reader
will encounter. Summaries for all secondary parks are presented in the same format. The summaries
are designed so that the location and contaminant concentrations at the four to six sampling sites
within each park and across all parks can easily be visualized and compared. The reader is encouraged
to consult the other chapters of this report and the primary park summaries for more information on
the full range of WACAP results and their interpretation.

2-32 WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT



US Map

Key to Secondary Parks: Summary

This inset shows the
location of the park

(yellow dot) in

KEY

The pages that follow have been prepared to provide the reader with a summary of contaminant
results for air and vegetation sampling in each secondary WACAP park. The word park, as used
here, encompasses federally managed lands, including national parks, monuments, preserves,
and wilderness. This one-page key provides explicit detail regarding each block of information
the reader will encounter. Summaries for all secondary parks are presented in the same format.
The summaries are designed so that the location and contaminant concentrations at the four to
six sampling sites within each park and across all parks can be easily visualized and compared.
The reader is encouraged to consult the other chapters of this report and the primary park
summaries for more information on the full range of WACAP results and their interpretation.

western North
Americarelative to
other WACAP
secondary parks
(brown dots).

Site Photos

A photograph of the environs at each site is provided to give the
reader an appreciation of the vegetative cover, steepness of the
landscape, climate, and ‘geology. The name of the sampling site
is given with some very basic information: a short verbal
description of the site 'location, latitude and longitude in
decimal degrees, average annual temperature and precipitation
estimated by the PRISM model, whether or not air was sampled
at the site, and the scientific names of the conifer and lichen
vegetation sampled at the site. Units follow the metric system:
m = meters, cm = centimeters, °C = degrees Centigrade. N, W =

Park Relief Map

In this figure, the boundary of the park
and the location of the vegetation and
air sampling sites are overlaid on a
shaded relief map to give the reader
some perspective of the topography
surrounding the sites.

north, and west.

Air Summary Statements

This text block summarizes the results of the laboratory analysis
of the passive air sampling devices (PASDs) and highlights the
most ‘important findings. These iinclude the 'location of the
monitors in the parks, the SOCs detected and their concentra-
tions in picograms per gram XAD resin (dry weight), within-park
differences in- SOC concentrations if imultiple -samplers. were
deployed, and how park SOC concentrations ranked relative to
other WACAP parks.

Vegetation Summary Statements

This text block summarizes the results of the laboratory
analysis of vegetation samples and highlights the most
important findings. These include: the SOCs detected
and their concentrations in nanograms per gram conifer
needle lipid or lichen lipid; differences between concen-
trations in needles versus lichens, if important; effects of
elevation'on concentrations of SOCs in lichens; ranking
of SOC ‘concentrations in vegetation relative to vegeta-
tion in other WACAP parks; concentrations of nitrogen
and sulfur (nutrients), mercury and other toxic metals in
lichens Irelative ‘to known or expected background
ranges; and ecological implications of, or concerns
indicated by, the results.

Vegetation Contaminant Concentrations

The concentrations of the most prevalent semi-volatile organic
compounds (SOCs) in lichens and; 2-year-old conifer needles are
shown fori WACAP sites in the figure, Conifers and lichens were
sampled along an elevational gradient. Concentrations at each site are
represented by the shaded circles above each contaminant name. The
middle horizontal line within each background bar behind the circles
shows the median value for all WACAP sites across all parks; the top
and bottom horizontal edges; of | the background bars show the
maximum and 'minimum concentrations across all WACAP, sites.
Brown and| green bars indicate lichen and conifer needle concentra-
tions, respectively. These values'are on alog scale —spanning a very
broad range of| concentrations from '0.001 to 1,000,000 ng SOC per
gram of lipid in lichens or needles. When sample concentrations were
below detection limits, the circle representing the site was placed at
one-half the estimated detection limit and the circle is open. Circle
shading intensity darkens with 'increasing elevation. SOCs are
grouped by current-use pesticides (endosulfans, chlorpyrifos,
dacthal), historic-use pesticides (g-HCH, a-HCH, HCB), polycyclic
aromatic hydrocarbons (PAHs), and polychlorinated biphenyls (PCBSs).
Metals were not analyzed in vegetation samples at secondary parks.

www.nature.nps.gov/air/studies/air_toxics/wacap.cfm

Western Airborne Contaminants Assessment Project

2-33




tional Park and Preserve: Summary

A

WRST

e The air sampler, at WRST3 in the Crystalline Hills, near
McCarthy, Alaska, had the lowest number of detected
SOCs among the 20 WACAP parks.

Air Summary

e Only PAHs (285 pg/g dry XAD, a mid-range level
compared with concentrations in other WACAP parks)
and low concentrations of g-HCH (18 pg/g dry XAD)
were detected. Vegetation Summary

e Among the 20 WACAP parks, SOCs in vegetation from interior

Vegetation Contaminant Concentrations WRST (sites 2-5) were at or below the median, or were not detected.

10s-{| B Lichen - *Boxes denate range r | @ WRSTS e Dominant SOCs were PAHs (17-74 ng/g lipid in conifers, 43-4346

[ Conifer of values for all parks. @ WRST4 g’g . . . A . .
I | owrsTs |28 in lichens), HCB (3-11 in conifers, 9-150 in lichens), a-HCH
8vwv:§i 82 (4-54), and g-HCH (1-36).

o Below Detection Limit

e Small amounts of PCBs (<5 ng/g lipid), chlorpyrifos (<1), dacthal,
and chlordanes (<4) were also detected.

e Highest concentrations of g-HCH and chlordanes in lichens and
conifer needles, and highest concentrations of endosulfans,
HCB, a-HCH, dacthal, PCBs, and PAHSs in lichens were observed
at the high precipitation, marine site at Icy Bay (WRST1).

SOC (ng/g lipid weight)

. Y s ¢ Nitrogen concentrations in lichens were within background
© © > o Y < ranges, indicating that nitrogen deposition is not elevated.
. & @@ 000,5@ q\,\c, JECHINRS 9 g g p
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Glacier Bay National Park: Summary

GLBA1

Beartrack Cove

Location: 58.60N 135.88W
Elevation: 8 m

Ave. Ann. Temp: 4°C

Ave. Ann. Precip: 261 cm
Air Sampler: Yes

Conifer: Picea sitchensis

GLBA2
Beartrack Mtn footslopes

Location: 58.61N 135.88W
Elevation: 168 m

Ave. Ann. Temp: 4°C

Ave. Ann. Precip: 261 cm
Air Sampler: No

Conifer: Picea sitchensis

GLBA3

Beartrack Mtn glacial trim line
Location: 58.61N 135.87W
Elevation: 457 m

Ave. Ann. Temp: 4°C

Ave. Ann. Precip: 261 cm

Air Sampler: No
Conifer: Picea sitchensis

Lichen: Platismatia glauca Lichen: Sphaerophorus globosus Lichen: Sphaerophorus globosus

GLBA4

Beartrack Mtn treeline

Location: 58.61N 1035.87W
Elevation: 625 m

Ave. Ann. Temp: 4°C

Ave. Ann. Precip: 261 cm
Air Sampler: No

Conifer: Picea sitchensis
Lichen: Alectoria sarmentosa

Vegetation Summary Air Summary

® The air sampler was near sea level at GLBAL,
Beartrack Cove.

* The dominant SOCs detected in lichens were PAHs
(100-3000 ng/g lipid), endosulfans (21-115), HCB (17-80)
and a-HCH (20-41); the dominant SOCs detected in conifer
needles were PAHs (45-23), g-HCH (1-53), HCB (7-9), and
a-HCH (4-8).

e Moderate concentrations of HUPs HCB (15 pg/g dry
XAD) and a-HCH (17) and low concentrations of
CUPs tri uralin (1.4), endosulfans (24), and HUP
g-HCH (17) were detected.

(]

Concentrations of HCBs and a-HCH in lichens and g-HCH
(all HUPS) in conifers ranked very high compared to

concentrations at other WACAP parks. e Qverall, SOC concentrations in air at GLBA ranked

very low compared to those at other WACAP parks.

L]

Other SOCs detected in vegetation were low concentrations of
dacthal (<2.5), chlordanes (0.2-8), and PCBs (3-10).

(]

Although pesticide concentrations and compounds detected Vegetation Contaminant Concentrations

essentially replicate STLE in both lichens and conifer 10° ®GLBA
needles, with respect to PAHs, GLBA had a higher propor- 105-| | DLichen “soxes denoterange 1 || o Gaaz [F8 || o
tion of 4-5 ring PAHs and more retene than STLE to the S ‘ 8322? Z‘g_’g """"""
south and WRST to the north, pointing to a local source. = e ————
S 103 {h g [ TR (R
® As at other parks, PAH concentrations decreased with :
increasing elevation. Pesticides and PCBs that were o B o T AR I B R e e S 1 L 1G] (6|
observed to increase with elevation in other parks did not :g DTS I o A Y SO S OO Y 2 OO I 1 O (O 8 Y o 1 O
increase at GLBA. A possible explanation is that a very good g
accumulator, Platismatia glauca, was collected at sea level 2 R e I 0 8 el I AR | S
and the poorest accumulator, Alectoria sarmentosa, was ot e
collected at the highest elevation. vorden 8 e L
) ) . Current-Use Historic-Use Combustion | |  Industrial
e Lichen nitrogen concentrations were elevated at sea level, 10 Pesticides Pesticides By-products | |Compounds
but concentrations at higher elevations were within . & QA"‘KO% &2 Qx\o\" @Y\cx\ &F o
&° o

species-speci ¢ background ranges expected for southeast-
ern Alaska and remote sites in the Paci ¢ Northwest.
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Katmai National Park and Preserve: Summary

Air Summary

KATM1
3 Forks Overlook Road 2 km

Location: 58.55N 155.78W
Elevation: 36 m

Ave. Ann. Temp: 2.2°C

Ave. Ann. Precip: 50 cm

Air Sampler: No

Conifer: Pinus glauca

Lichen: Hypogymnia physodes

KATM2
Dumpling Mtn Trail at 183 m

Location: 58.57N 155.79W
Elevation: 213 m

Ave. Ann. Temp: 1.9°C

Ave. Ann. Precip: 54 cm

Air Sampler: No

Conifer: Pinus glauca

Lichen: Hypogymnia physodes

KATM3
Dumpling Mtn Trail at 366 m

Location: 58.57N 155.80W
Elevation: 370 m

Ave. Ann. Temp: 1.9°C

Ave. Ann. Precip: 54 cm

Air Sampler: Yes

Conifer: Pinus glauca

Lichen: Hypogymnia physodes

KATM4
Dumpling Mtn Trail at 563 m

Location: 58.57N 155.84W
Elevation: 563 m

Ave. Ann. Temp: 1.4°C

Ave. Ann. Precip: 68 cm

Air Sampler: No

Conifer: Pinus glauca

Lichen: Flavocetraria cucullata

KATM5

Dumpling Mtn summit

Location: 58.58N 155.86W
Elevation: 724 m

Ave. Ann. Temp: 1.4°C

Ave. Ann. Precip: 68 cm

Air Sampler: No

Conifer: Pinus glauca

Lichen: Flavocetraria cucullata

KATM6
Mt. Katolinat

Location: 58.47N 155.49W
Elevation: 1112 m

Ave. Ann. Temp: 0.1°C

Ave. Ann. Precip: 83 cm

Air Sampler: No

Conifer: None

Lichen: Flavocetraria cucullata

® The air sampler was at KATM3.

® Concentrations of HUPs HCB (1260 pg/g dry XAD),
a-HCH (340), and g-HCH (57) were among the highest
values recorded from WACAP parks.

Vegetation Summary

e Endosulfans (61 pg/g dry XAD), tri uralin (1), and

e Concentrations in vegetation of all SOCs except HCB were
at or below the median for WACAP parks; in general, KATM
was one of the least contaminated WACAP parks.

chlordanes (14) were also detected, but concentrations
were low compared to those at other WACAP parks.

Vegetation Contaminant Concentrations e Dominant SOCs in KATM vegetation were PAHs (10-600

108 . . . L
Shieh @ KATM6 ng/g lipid), endosulfans (<2 in conifers, 5-47 in lichens),
10°1| & Coniter_afvatuesfor o s | ||| SKATMS | HCB (5-35), and a-HCH (10-24).
2%

o | OKATM3 |2 . . ..
e OKATM2 é% * Low concentrations of chlorpyrifos and dacthal (<1 ng/g lipid),
5 1034 - | OKATML g-HCH, chlordanes (<5), and PCBs (<3) were also detected.
g o Below Detection Limit
2 1079 e Small increases in spruce needle concentrations of endo-
EZrn sulfans, dacthal, a-HCH, and HCB were observed with
5 increasing elevation from 36 to 724 m; lichens also showed
o 0 this trend when the tundra lichen, Flavocetraria cucullata,

104 collected at the top three elevations, and the epiphyte,

. Hypogymnia physodes, a better accumulator, collected at
1047 curentuse || Historic-Use | | Combustion| | Incust the lowest three elevations, were considered separately.
104 Pesticides Pesticides By-products | |Compounds

RS & e QX\OY\ fy‘\O\A o R e e Lichen n_itro_ger_1 concent_rations were vyi_thin_ background
@e@% o ranges, indicating that nitrogen deposition is not elevated.
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Stikine-LeConte Wilderness, Tongass National Forest: Summary

STLE1
Bussey Creek outlet in Icy Bay

Location: 56.79N 132.51W
Elevation: 1 m

Ave. Ann. Temp: 4.5°C
Ave. Ann. Precip: 318 cm
Air Sampler: Yes

Conifer: Picea sitchensis
Lichen: Platismatia glauca,

STLE2
Bussey Creek ridge line

Location: 56.80N 132.53W
Elevation: 254 m

Ave. Ann. Temp: 3.6°C
Ave. Ann. Precip: 378 cm
Air Sampler: Yes

Conifer: Picea sitchensis

Lichen: Platismatia glauca,

Alectoria sarmentosa Lobaria oregana

STLES
Muskeg bench over Bussey Creek

Location: 56.81N 132.54W
Elevation: 567 m

Ave. Ann. Temp: 3.6°C

Ave. Ann. Precip: 378 cm
Air Sampler: No

Conifer: Picea sitchensis
Lichen: Alectoria sarmentosa

STLE4
0.4 km NW of Bussey Lake

Location: 56.83N 132.57W
Elevation: 815 m

Ave. Ann. Temp: 2.7°C
Ave. Ann. Precip: 488 cm
Air Sampler: Yes

Conifer: Picea sitchensis
Lichen: Platismatia glauca,

STLES

Thunder Mtn summit

Location: 56.82N 132.61W
Elevation: 1064 m

Ave. Ann. Temp: 3.6°C
Ave. Ann. Precip: 431 cm
Air Sampler: No

Conifer: Picea sitchensis

Lichen: Platismatia glauca,

Alectoria sarmentosa Cladina arbuscula

Vegetation Summary

[ ]

L]

Among the 20 parks, vegetation samples from STLE were
at or below the median for CUPs, PCBs, and PAHSs, and at
or above the median for HUPs; this pattern was also
observed at other high precipitation sites along coastal
southeastern Alaska (i.e., WRST1, GLBA all).

Dominant SOCs were PAHSs (27-2251 ng/g lipid), endosul-
fans (<2 in conifers, 5-272 in lichens), a-HCH (3-110), HCB
(5-100), and g-HCH (1-42); low concentrations of chlorpyri-
fos (<1), dacthal (0.2-20), and chlordanes (0.2-10) were
also detected.

Signi cant increases in pesticide concentrations and
decreases in PAH concentrations in lichens with increasing
elevation were discernible when the poorest (Alectoria
sarmentosa) and best (Platismatia glauca) accumulators,
sampled at alternating sites, were considered separately.

Because needle productivity (kg/halyr) is high, the ecologi-
cal effects of cumulative SOCs contributed by needle
litter-fall are a potential concern.

Nitrogen concentrations in lichens were within background
ranges, indicating that nitrogen deposition is not elevated.

SOC (ng/g lipid weight)

Air Summary
® Air was sampled at STLE1, 2, and 4.

® SOCs that increased with elevation in vegetation also
increased in air. These were current-use endosulfans
(17-96 pg/g dry XAD) and the HUPs HCB (490-1150),
a-HCH (100-390), g-HCH (4-38), and chlordanes (10-21).

e Other SOCs were not detected or were near instrument
detection limits (tri uralin and dacthal, <2 pg/g dry XAD).

e All SOC concentrations ranked low at the lowest eleva-
tion; concentrations at the highest elevation ranked
moderate (g-HCH, chlordanes) to high (HCB, a-HCH)
relative to concentrations at other WACAP parks.

Vegetation Contaminant Concentrations
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North Cascades National Park: Summary

NOCA1
Thorton Creek

Location: 48.65N 121.31W
Elevation: 198 m

Ave. Ann. Temp: 8.6°C

Ave. Ann. Precip: 198 cm

Air Sampler: No

Conifer: Pseudotsuga menziesii
Lichen: Alectoria sarmentosa

NOCA2
Lower S slope Mt Triumph

Location: 48.64N 121.34W
Elevation: 614 m

Ave. Ann. Temp: 8.6°C
Ave. Ann. Precip: 196 cm
Air Sampler: No

Conifer: Tsuga heterophylla
Lichen: Platismatia glauca

NOCAS3
SE slope Mt Triumph

Location: 48.66N 121.33W
Elevation: 945 m

Ave. Ann. Temp: 8.3°C

Ave. Ann. Precip: 222 cm
Air Sampler: No

Conifer: Abies amabilis
Lichen: Alectoria sarmentosa

NOCA4
Upper SE slope Mt Triumph

Location: 48.67N 121.32W
Elevation: 1228 m

Ave. Ann. Temp: 8.7°C

Ave. Ann. Precip: 198 cm
Air Sampler: No

Conifer: Abies amabilis
Lichen: Alectoria sarmentosa

NOCAS

S ridge Trappers Peak near treeline

Location: 48.68N 121.32W
Elevation: 1600 m

Ave. Ann. Temp: 8.2°C

Ave. Ann. Precip: 194 cm
Air Sampler: Yes

Conifer: Abies amabilis
Lichen: Alectoria sarmentosa

Air Summary
e Air was sampled at NOCAS.

® SOCs detected, in order by decreasing concentration,

were HCB (910 pg/g dry XAD), endosulfans (492),
chlorpyrifos (220), a-HCH (200), PAHs (192), heptachlor
(150), dacthal (91), chlordanes (63), g-HCH (32), and

tri uralin (13); PCBs, dieldrin and DDTs were not detected.

e NOCA was the only park in which heptachlor was
detected; concentrations of PAHs, CUPs chlorpyrifos,
tri uralin, and endosulfans, and HUPs HCB, a-HCH,
and chlordanes ranked well above the medians for the
20 WACAP parks.

Vegetation Summary

o Among samples from the 20 WACAP parks, vegetation
samples from NOCA were at or above medians for all SOCs.
Vegetation Contaminant Concentrations Dominant SOCs were PAHs (216-7768 ng/g lipid), endosul-
106 fans (24-355), dacthal (3-34), HCB (8-60), a-HCH 12-49),

105 | ElLichen  “Boxes denote range | ||| @NOCAS 4 [ 1| 1. f}.......... and g-HCH (3-11).
[J Conifer of values for all parks. @ NOCA4 _E’g
20 joNoca3 g5 | 1 | ||l e Low concentrations of tri uralin (<0.2), chlorpyrifos (3-8),
co
g . 8mggﬁi =R chlordanes (1-5), DDTs (2-7), and PCBs (<4) were also detected.
% seeoubeeciontmt| gl | * Total SOC concentrations were similar to those in other
=3 Paci ¢ Northwest parks (CRLA, MORA, OLYM). Pesticide
S 10t a1 IR gl L e | || A and PCB concentrations in the lichen, Alectoria sarmentosa,
Do I o ot 1 11 " O O I I I 1 increased with elevation.
@]
%]
........... * Because needle productivity (kg/halyr) is high, the ecological
effects of cumulative SOCs contributed by needle litter-fall
curentuse || Wistoric-Use | |Combuston || industial are a potential concern.
10° Pesticides Pesticides By-products | | Compounds
o \;\.\r\o‘" @0@0\ o OGS A ¢ Nitrogen concentrations in lichens were within background
o ® i ranges, indicating that nitrogen deposition is not elevated.
< N
2-38 Western Airborne Contaminants Assessment Project www.nature.nps.gov/air/studies/air_toxics/wacap.cfm




Grand Teton National Park: Summary

GRTE1
Lupine Meadows

Location: 43.73N 110.74W
Elevation: 2073 m

Ave. Ann. Temp: 2.2°C
Ave. Ann. Precip: 69 cm
Air Sampler: No

Conifer: Pinus contorta
Lichen: Usnea

GRTE2
Bradley Lake

Location: 43.73N 110.76W
Elevation: 2362 m

Ave. Ann. Temp: 2.2°C
Ave. Ann. Precip: 79 cm
Air Sampler: No

Conifer: Abies lasiocarpa
Lichen: Letharia vulpina

GRTE4
0.5 km E of Sunrise Lake

Location: 43.73N 110.77W
Elevation: 2804 m

Ave. Ann. Temp: 1.1°C
Ave. Ann. Precip: 103 cm
Air Sampler: No

Conifer: Pinus flexilis
Lichen: None

GRTES

S rim above Amphitheater Lake

Location: 43.13N 110.78W
Elevation: 3048 m

Ave. Ann. Temp: 2.2°C
Ave. Ann. Precip: 68 cm
Air Sampler: Yes

Conifer: Pinus albicaulis
Lichen: None

GRTE3
Midslope Amphitheater Lake
and valley floor

Location: 43.73N 110.77W
Elevation: 2591 m

Ave. Ann. Temp: 1.1°C
Ave. Ann. Precip: 102 cm
Air Sampler: No

Conifer: Pinus flexilis
Lichen: None

Vegetation Summary

* As in other parks of the conterminous 48 states, the

dominant SOCs in vegetation were PAHs (90-3300 ng/g
lipid) and CUPs endosulfans (3-165) and dacthal (5-50).

Air Summary
e The air sampler was at GRTES.

® Concentrations of detected SOCs were above

medians for the 20 parks [PAHs (232); CUPs dacthal
(390 pg/g dry XAD) and endosulfans (359); HUPs

* Compared with other WACAP parks, lichen SOC
concentrations were at or above the median; conifer
needle concentrations were at or below medians, except
at GRTE2, where r was collected, with concentrations
at or above the median. (Pine, collected at other GRTE
sites, tends to accumulate 2-10x lower SOC concentra-

HCB (840), a-HCH (140), g-HCH (44), and chlor-
danes (19)].

Vegetation Contaminant Concentrations

106

tions than to other WACAP conifers.) - @GRTE4 4o
10| Shchen goresderreance, ||| o crres ‘
e All other SOCs detected in WACAP vegetation were also OGRTE2 |£ 5
detected at GRTE: tri uralin (<1 ng/g lipid), triallate (<6), = e ' OGRTElv Em
chlorpyrifos (1-5), HCB (4-17), a-HCH (2-15), g-HCH 5 1071 o Petectontmt
(1-9), chlordanes (0.1-6), dieldrin (<2), DDTs (12-20), ; 1024
and PCBs (2-4). 2
2 1014
e Elevation effects were not observed in lichens; there g
were only two sites, with different species. The two o 107
highest conifer sites often had lowest SOC concentra- 10
tions, possibly related to extended snow burial in winter.
10%1 Current-Use Historic-Use Combustion Industrial
e Lichen nitrogen concentrations were within background 10 faesticide esicide EAREEE) |Compounds
ranges, indicating that nitrogen deposition is not elevated. ] ©° Q\‘gxoe‘ an\v?* QX\O\* O
Q/ﬂ\do G‘(\\O\
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Crater Lake National Park: Summary

CRLA1

Lodgepole picnic area

Location: 42.84N 122.15W
Elevation: 1798 m

Ave. Ann. Temp: 4.2°C
Ave. Ann. Precip: 152 cm
Air Sampler: No

Conifer: Abies magnifica
Lichen: Letharia vulpina

CRLA4
Mt. Scott Trail 1.6 km

Location: 42.92N 122.03W
Elevation: 2423 m

Ave. Ann. Temp: 3.5°C
Ave. Ann. Precip: 108 cm
Air Sampler: No

Conifer: Pinus albicaulis
Lichen: Letharia vulpina

CRLA5S
Mt. Scott Summit

Location: 42.92N 122.02W
Elevation: 2713 m

Ave. Ann. Temp: 3.5°C
Ave. Ann. Precip: 108 cm
Air Sampler: Yes

Conifer: Pinus albicaulis
Lichen: None

CRLA2

CRLA3

Whitehorse Pond
Location: 42.88N 122.19W
Elevation: 1859 m

Ave. Ann. Temp: 3.5°C
Ave. Ann. Precip: 155 cm

Lightning Sprgs Trail near Rim Drive

Location: 42.93N 122.18W
Elevation: 2043 m

Ave. Ann. Temp: 3.4°C
Ave. Ann. Precip: 158 cm

Air Sampler: No
Conifer: Abies magnifica
Lichen: Letharia vulpina

Air Sampler: No
Conifer: Abies concolor
Lichen: Letharia vulpina

Air Summary
e The air sampler was deployed at CRLAS5.

e Compared with other WACAP parks, concentrations of
all SOCs detected were moderate [CUPs dacthal (160
ng/g dry XAD), endosulfans (467), and HUPs a-HCH
(120), g-HCH (36), chlordanes (17), and PAHs (191)]
to high [HCB (920)] Vegetation Summary

e The CUPs endosulfans (3-486 ng/g lipid) and dacthal
(10-150) comprised most of the pesticide burden in
vegetation; other dominant SOCs were PAHs (1-3850)
and the HUPs HCB (5-45), a-HCH (4-34), chlordanes

e No elevational or east-west patterns were observed.

Vegetation Contaminant Concentrations

6 .
10 (3-33), and DDT (5-17). Low concentrations of g-HCH
O Lichen  *Boxes denot @ CRLAS - i i i -
10°1| 1 Conifer orvatues or alioas. |11 @ conhy o (1-112), tri uralin (<0.4), chlorpyrifos (2-10), and PCBs
ol | ocrLA3 %’E (1-12) were also detected.
. O CRLA2 E% . . .
£ ool || OCRLAL |~ | e Pesticide concentrations were at or above the median
2 > Below Detection Limit relative to other WACAP parks, except for consistently
3 109 S low values in conifers at the two highest sites, possibly
21011 related to deep snow burial in winter.
(=
8 1004 ® Concentrations of endosulfans, dacthal, HCB, HCHSs,
¢ 1014 and PCBs increased in lichens with elevation, most by
an order of magnitude or more.
P02 e e
Current Use Historic-Use A oo, e Lichen nitrogen concentrations were within background

103 . . .
R e S P RCHRPE ranges for remote sites in the Paci ¢ Northwest,
3o A A\ indicating that nitrogen deposition is not elevated.
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Vegetation Summary

® The same genera (wolf-lichen and true r) were collected
at all sites.

e SOC concentrations in LAVO vegetation were close to,
above, or well above the median for the WACAP parks.

® The dominant SOCs were PAHs (90-3300 ng/g lipid),
endosulfans (90-180), dacthal (40-110), DDTs (2-65), and
HCB (10-24). Proportions of PAHs were similar to those in
southern Oregon and other California parks.

¢ | ow concentrations of chlorpyrifos (<3 ng/g lipid), a-HCH
(2-15), g-HCH (2-8), chlordanes (5-14), dieldrin (1-6), and
PCBs (1-5) were also detected.

Increases in endosulfans, chlorpyrifos, and dacthal, and
decreases in PAH concentrations in lichens were observed
with increasing elevation.

Lichen nitrogen concentrations were within background
ranges, indicating that nitrogen deposition is not elevated.

SOC (ng/g lipid weight)

LAVO

Air Summary

e Air was sampled at LAVOS.

e Compared with other WACAP parks, concentrations of
all SOCs detected were above the median [CUPs
tri uralin (5 ng/g dry XAD), dacthal (380), and endosul-
fans (363), and HUPs HCB (840), a-HCH (150),
g-HCH (30), and chlordanes (34), and PAHs (77)].

Vegetation Contaminant Concentrations
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Ai
e Air was sampled at YOSES.

® Concentrations of all SOCs detected, except PAHS
(97 pg/g dry XAD), ranked above medians for the 20
parks. CUPs detected were dacthal (36), endosul-
fans (413); HUPs detected were a-HCH (120),

r Summary

Location: 37.68N 119.75W
Elevation: 661 m

Ave. Ann. Temp: 12.1°C
Ave. Ann. Precip: 87 cm
Air Sampler: No

Conifer: Pinus sabiniana
Lichen: Xanthoparmelia

Location: 37.72N 119.68W
Elevation: 1433 m

Ave. Ann. Temp: 10.7°C
Ave. Ann. Precip: 92 cm
Air Sampler: No

Conifer: Pinus ponderosa
Lichen: Letharia vulpina

Yosemite National Park: Summary
YOSE1 YOSE2 YOSES3
Hwy 140 park boundary Turtleback Dome Nevada Falls

Location: 37.72N 119.53W
Elevation: 1829 m

Ave. Ann. Temp: 10.3°C
Ave. Ann. Precip: 104 cm
Air Sampler: No

Conifer: Pinus lambertiana
Lichen: Letharia vulpina

g-HCH (33), and chlordanes (30).

Vegetation Contaminant Concentrations

YOSE4

Lewis Creek at Cony Crags

Location: 37.75N 119.36W
Elevation: 2713 m

Ave. Ann. Temp: 4.2°C
Ave. Ann. Precip: 112 cm
Air Sampler: No

Conifer: Pinus contorta
Lichen: None

YOSES

Lewis-Gallison Creek confluence

Location: 37.77N 119.34W
Elevation: 3048 m

Ave. Ann. Temp: 3.1°C
Ave. Ann. Precip: 109 cm
Air Sampler: Yes

Conifer: Pinus contorta
Lichen: None

Vegetation Summary

e The dominant SOCs were PAHs (517-19,326 ng/g lipid), the
CUPs endosulfans (10-474), dacthal (30-350), and chlorpyrifos
(4-31), and the HUPs DDTs (10-72) and HCB (3-32), all of which
were at or well above medians for the 20 WACAP parks. Low

concentrations of tri uralins (<1), g-HCH (1-9), and PCBs (0.1-7)
were also detected.

108 e SOC concentrations were about 10x higher in lichens than conifers.
[ Lichen g, denot @ YOSES . : H
10°1| E Conifer _of values for il pars. | ||| @ YosE4 |25 * Astrong elevational effect was observed in lichens: concentra-
LM o | OYOSES |83 tions of endosulfans, dacthal, HCHs, and PCBs increased by
2 ovoer: |8 half t der of itude, from 660 to 1830
£ o | ovoser |£° | one-half to one order of magnitude, from () m.
‘O ° ) . . . )
2 ol Below Detection Limi * Pine, the only conifer genus sampled in YOSE, appears to be a
= poor accumulator of SOCs compared with spruce, r, and
\5 101 hemlock sampled in other west coast parks; had these species
S 1001 been collected, total pesticides would probably have ranked
? intermediate compared with concentrations in LAVO and SEKI,
10 as did the lichen data.
2 P 1 . . . .
10 Current-Use Historic-Use Combustion || Incustrial e Lichen nitrogen concentrations were at or slightly above upper-
10° el = F:S““des% B""’""’:"B C"mp":”ds most Paci ¢ Northwest background ranges, indicating potential
SR N T S v enhancement of depositional nitrogen.
(o(\éoe o
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Great Sand Dunes National Park and Preserve: Summary
GRSA1 GRSA2 GRSA3
Park headquarters Mosca Pass Trail midpoint Mosca Pass

Location: 37.73N 105.53W
Elevation: 2469 m

Ave. Ann. Temp: 5.3°C
Ave. Ann. Precip: 25 cm
Air Sampler: No

Conifer: Pinus edulis
Lichen: None

Location: 37.73N 105.49W
Elevation: 2774 m

Ave. Ann. Temp: 4.3°C
Ave. Ann. Precip: 48 cm
Air Sampler: No

Conifer: Pinus edulis
Lichen: Xanthoparmelia

Location: 37.73N 105.46W
Elevation: 2941 m

Ave. Ann. Temp: 3.9°C
Ave. Ann. Precip: 60 cm
Air Sampler: No

Conifer: Pinus flexilis
Lichen: None

GRSA4

Carbonate Mtn sideslope

Location: 37.72N 105.47W
Elevation: 3109 m

Ave. Ann. Temp: 4.3°C
Ave. Ann. Precip: 48 cm
Air Sampler: No

Conifer: Pinus flexilis
Lichen: Xanthoparmelia

GRSA5
Carbonate Mtn peak

Location: 37.71N 105.47W
Elevation: 3338 m

Ave. Ann. Temp: 4.3°C
Ave. Ann. Precip: 52 cm
Air Sampler: Yes

Conifer: Pinus flexilis
Lichen: None

Air Summary

Vi tati S e The air sampler was at GRSAS5.
egetation summary
e Compared with concentrations at other WACAP parks,

concentrations of all SOCs detected were moderate
[(CUPs dacthal (300), endosulfans (353), and HUPs
HCB (580), a-HCH (120), and chlordanes (15)] to high
[g-HCH (73),PAHs (1342 ng/g dry XAD)].

® The dominant SOCs detected in vegetation were PAHs,
especially 4-5 ring compounds (30-1000 ng/g lipid), endosul-
fans (3-710, 10x higher in lichens than conifers), and dacthal
(2-110, 10x higher in lichens), DDTs (10-100), HCB (1-67),
a-HCH (0.1-40), chlordanes (24-32), and g-HCH (5-17); low
concentrations of PCBs (1-11) were detected.

e Lichen concentrations were generally higher than conifer

. ) Vegetation Contaminant Concentrations
needle concentrations by at least an order of magnitude. 108

| ElLichen  *Boxes denote range

||| ® GRSAS
[] Conifer of values for all parks.

© GRSA4
OGRSA3
O GRSA2

1054

e Although SOC concentrations in conifer needles from
GRSA were comparable to those at BAND and BIBE, 208 4

increasing
elevation

where the same target genus (pine) was collected, SOC g 0] | oGRsAL ol LI
concentrations in lichens were disproportionately high at T > Below Detection Limit
GRSA compared to ROMO, BAND, and BIBE even though D202 e O e e ] gl e
the same rock-dwelling lichen, Xanthoparmelia, was @ PORR P S (o1 I O 5
collected there. 2
g aooq- el ] (O] el | O
e Field notes and the park website indicate that the two sites @ o

where lichens were collected were very windy. It is possible
that a disproportionately high absorption of SOCs from soil 1024

particulates contributed to high lichen SOC concentrations. . Festcides rostcides | By.producs) [compounds
) ) ) - @ «° O X P ©° ©°
e Lichen nitrogen concentrations were within background & S ORI a ©
ranges, indicating that nitrogen deposition is not elevated. «® )
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nument: Summary

‘ l l l
Air Summary

e Compared with concentrations at the 20 WACAP
parks, concentrations of all pesticides detected in the
air sampler at BANDS were near the median.

e Pesticides detected were the CUPs [endosulfans (494
ng/g dry XAD), dacthal (150), tri uralin (9)], and HUPs .
[HCH (11), g-HCH (37), chlordanes (19)]; PAHS were Vegetation Summary

low (21). e Concentrations of CUPs [endosulfans (2-256 ng/g lipid),
dacthal (1-56), chlorpyrifos (<5)] were at or above medians

Vegetation Contaminant Concentrations and concentrations of HUPs [HCB and HCHs (1-17)] were

10° at or below medians for the 20 WACAP parks.
| | DLichen *Boxes denote range | || | ® BANDS .. . .
1% 3 Conifer ~ of values for all parks. l ©BAND4 |25 e Other pesticides detected were tri uralin (<0.5) and
OBAND3 |&% DDTs (4-

LOA OBAND2 gi’ S ( 53)
[ co
S OBAND1 |= . .
B 108 e - e Pine is a poor accumulator of SOCs compared to other
g = Below Detection Limit - . . .
z conifers and lichens, explaining the large range in
2 concentrations observed within individual SOCs.
=3
=i . . . .
3 e Pesticides and PCBs increased and PAHs decreased in
2 lichens with elevation.

e Abundance of nitrophytic lichens and elevated nitrogen
. o concentrations in Xanthoparmelia and Usnhea, relative to
urrent-Use Historic-Use R N R .
10° Pesticides Pesticides clean sites in the Paci ¢ Northwest and northern Rockies,
X > © o © indi i it
. ROy e q\*o 2 K F indicate enhanced nitrogen deposition.
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Big Bend National Park: Summary

BIBE1
Rio Grande Village

Location: 29.19N 102.97W
Elevation: 560 m

Ave. Ann. Temp: 21°C
Ave. Ann. Precip: 26 cm
Air Sampler: Yes

Conifer: None

BIBE2
Water Tank near Panther Jct

Location: 29.31N 103.18W
Elevation: 1067 m

Ave. Ann. Temp: 18.6°C
Ave. Ann. Precip: 37 cm
Air Sampler: Yes

Conifer: None

BIBE3
Panther Pass

Location: 29.29N 103.28W
Elevation: 1608 m

Ave. Ann. Temp: 17.5°C
Ave. Ann. Precip: 46 cm
Air Sampler: No

Conifer: Pinus cembroides

Location: 29.25N 103.30W
Elevation: 1920 m

Ave. Ann. Temp: 16.7°C
Ave. Ann. Precip: 51 cm
Air Sampler: Yes

Conifer: Pinus cembroides

Location: 29.25N 103.30W
Elevation: 2316 m

Ave. Ann. Temp: 16.7°C
Ave. Ann. Precip: 50 cm
Air Sampler: Yes

Conifer: Pinus cembroides

Lichen: None Lichen: None Lichen: None
BIBE4 BIBES
Pinnacles Campground Emory Peak

Lichen: Usnea Lichen: Usnea

Vegetation Summary

e Compared with other parks, concentrations in lichens
and conifer needles were at or slightly above medians
for CUPs, and at or below medians for HUPs, PAHs,
and PCBs.

¢ Pine, the only conifer available at BIBE, is a poorer
accumulator of SOCs than the spruce, fir, and hemlock
collected in the northern Rockies, Pacific Coast, and
Alaska parks.

® SOCs detected were CUPs [chlorpyrifos (<2 ng/g lipid),
dacthal (1-14), endosulfans (9-255, up to 25x higher in
lichens than pine)], HUPs [HCB, a-HCH, g-HCH, and
chlordanes (<5), DDE (8-17)], PCBs (<3), and PAHs
(10-828, up to 80x higher in lichens than pine).

® Lichen nitrogen concentrations and abundance of
nitrophytic lichens at sites indicate enhanced nitrogen
deposition; IMPROVE data indicate ammonium sulfate
could be the main culprit.

Air Summary

o Air was sampled at four sites from the Rio Grande to Emory
Peak (BIBE1, BIBE2, BIBE4, and BIBES5).

* Dramatic differences among sites in annual precipitation,
humidity, vegetation cover, and airborne soil particulates might
have masked elevation effects on pesticide concentrations in
air, although PAHs decreased markedly with increasing
elevation from moderate to low concentrations (1491, 200,
276, 1 ng/g dry XAD).

e Pesticides that ranked high compared with other WACAP
parks were endosulfans (472-1096) and DDE (n.d.-43).

(]

Dacthal (67-390), HCB (6-21), HCHSs (2-21), and chlordanes
(16-37) ranked below or near the median; very low concentra-
tions (7-11) of trifluralin were detected.

Vegetation Contaminant Concentrations

www.nature.nps.gov/air/studies/air_toxics/wacap.cfm
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CHAPTER 3

Contaminants Studied and Methods Used

3.1 Introduction

This chapter introduces the organic and inorganic contaminants measured in the WACAP
environmental media and describes the methods used to collect and analyze these media. Table
3-1 lists the analytes measured in each environmental medium, along with the abbreviation for
the responsible laboratory for each medium and analyte. Table 3-2 provides the full identification
and contact information for each laboratory. Appendix 3A summarizes the sampling and analysis
plan for each environmental medium and lists the years in which each medium was sampled in
each park. Details of the methods and data quality control are provided in Appendix 3B and in
the peer-reviewed literature cited throughout this chapter.

Table 3-1. Analytical Laboratories by Media and Analyte. Abbreviations for laboratories, along with
contact information, are provided in Table 3-2.

Analyses Snow Sediment Fish Vegetation Air* Water Moose

SOC SEC SEC SEC SEC SEC SEC SEC
USGS- .

Hg WWSC WRS WRS WRS NA NA WRS
USGS-NRP USGS-NRP USGS-NRP USGS-NRP USGS-NRP

Metals Boulder Boulder Boulder Boulder NA NA Boulder

Major ions/ USGS-

Nutrients/ WRS NA UMNRAL NA WRS NA

; CWSC

Physical

SCP* ECRC ECRC NA NA NA NA NA

Particulate C - o) NA NA NA NA NA NA

and N

Sediment NA ERRC NA NA NA NA NA

Dating

Fish Physio/ \ o NA OSU-Fish  NA NA NA NA

Path* TS

*Air = measured by SOC concentrations in Amberlite XAD-2 resin-filled passive air sampling devices (PASDs).
NA = not applicable; SCP = spheroidal carbonaceous particle; Fish Physio/Path = Fish physiology and pathology
assessments.

3.2 Contaminants Studied

3.2.1 Semi-Volatile Organic Compounds (SOCs)

Over 100 different semi-volatile organic compounds (SOCs) were measured in WACAP. Table
3-3 lists the SOCs measured in WACAP in four separate categories: North American current-use
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pesticides (CUPs), North American historic-use pesticides (HUPs), combustion byproducts, and
industrial/urban use compounds (IUCs). Table 3-3 also provides the common names of the
SOCs, the abbreviations for the SOCs used throughout this report, the compound chemical class,
and the use or source of the SOC. When available, the year of the first product registration in the
United States, as well as the 2006 regulatory status of these compounds in the United States,
Canada, China, Korea, and Japan, are also given in Table 3-3. Regulatory status is at the federal
level only. State regulations can be more strict. It is also important to know that many of the
banned or restricted SOCs went though prolonged phase-out periods that took several years to

complete.

Table 3-2. WACAP Analytical Laboratories.

Laboratory

Abbreviation Laboratory Address Contact Information

SEC Simonich 1161 Agricultural and Life Prof. Staci Simonich
Environmental Sciences 541-737-9194
Chemistry Laboratory  Dept. of Environmental and staci.simonich@orst.edu

WRS

USGS-NRP

Boulder

OSU-Fish

USGS-WWSC

USGS-CWSC

CBL

UMNRAL

ERRC

ECRC

Willamette Research
Station Analytical
Laboratory

Trace Element
Environmental
Analytical Chemistry
Project

OSU Kent Laboratory

USGS Wisconsin
Water Science Center
Mercury Research
Laboratory

USGS Colorado
Water Science Center
Alpine Hydrological
Research Team

Chesapeake
Biological Laboratory,
University of
Maryland

University of
Minnesota Research
Analytical Laboratory

Environmental
Radioactivity
Research Centre

Environmental
Change Research
Centre

Molecular Toxicology
Oregon State University
Corvallis, OR 97331

U.S. EPA
200 SW 35" Street
Corvallis, OR 97333

U.S Geological Survey, WRD
National Research Program
3215 Marine St., Suite E-127
Boulder, CO 80303

Dept. of Microbiology
220 Nash Hall

Oregon State University
Corvallis, OR 97331

USGS Water Resources Division
8505 Research Way
Middleton, WI 53562

USGS - WRD, Colorado
Denver Federal Center
MS-415, Bldg. 53
Lakewood, CO 80225

Chesapeake Biological Laboratory
Center for Environmental and
Estuarine Studies

1 Williams St.; PO Box 38
Solomons, MD 20688

University of Minnesota

Rm. 135 Crops Research Bldg.
1902 Dudley Ave.

St Paul, MN 55108-6089

The University of Liverpool
Liverpool, UK
L69 3BX

University College London
Pearson Building, Gower Street
London UK WC1E 6BT

Dr. Dixon Landers
541-754-4427
Landers.Dixon@epa.gov

Dr. Howard Taylor

303-541-3007
hetaylor@usgs.gov

Prof. Michael Kent
541-737-8652
michael.kent@orst.edu

Dr. David Krabbenhoft
608-821-3843
dpkrabbe@usgs.gov

M. Alisa Mast
303-236-4882
mamast@usgs.gov

Carl. F. Zimmermann
410-326-7252
carlz@cbl.umces.edu

Dr. Roger Eliason
612- 625-3101
ral@soils.umn.edu

Prof. Peter Appleby
+44 (0)151 794 4020
Appleby@liv.ac.uk

Prof. Neil Rose
+44 (0) 20 7679 0543
nrose@geog.ucl.ac.uk
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Table 3-3. Semi-Volatile Organic Compounds (SOCs) Measured in WACAP.

Federal Regulatory Status 2007*

First
u.s.
Compound Name Abbreviation Chemical Class Use/Source Usage u.S. Canada China Korea Japan
Current-Use Pesticides (CUPs)
Acetochlor ACLR Chloroamide Herbicide 1994 A
Alachlor ALCLR Chloroamide Herbicide 1969 A
Metolachlor MCLR Chloroamide Herbicide 1976 R A
Propachlor PCLR Chloroamide Herbicide 1964 A
Endosulfan | ENDO | Organochlorine Sulfide Insecticide 1954 A A
Endosulfan Il ENDO 1l Organochlorine Sulfide Insecticide 1954 A A
Endosulfan sulfate ENDO S Organochlorine Sulfide  Degradation Product NA NA NA NA NA NA
Ethion ETHN Phosphorothioate Insecticide 1958 B 2004 B 2000
Malathion MTHN Phosphorothioate Insecticide A A
Methyl parathion M-PTHN Phosphorothioate Insecticide 1954 A A R
Parathion PTHN Phosphorothioate Insecticide B B 2003 R
Diazinon DIAZ Phosphorothioate Insecticide 1956 A A
Chlorpyrifos CLPYR Phosphorothioate Insecticide 1965 R A
Chlorpyrifos oxon CLPYR O Phosphorothioate Degradation Product NA NA NA NA NA NA
EPTC EPTC Thiocarbamate Herbicide 1968 A A
Pebulate PBLT Thiocarbamate Herbicide 1961 R B 2003
Triallate TRLTE Thiocarbamate Herbicide 1961 A A
Atrazine ATRZ Triazine Herbicide 1958 R A
Prometon PMTN Triazine Herbicide A
Simazine SIMZ Triazine Herbicide A A
Cyanazine CYAZ Triazine Herbicide B B 2004
Dacthal DCPA ChloroPhthalate Herbicide 1955 A A
Trifluralin TFLN Dinitroaniline Herbicide 1963 A A

WESTERN AIRBORNE CONTAMINANTS ASSESSMENT PROJECT
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Table 3-3. Semi-Volatile Organic Compounds (SOCs) Measured in WACAP (continued).

Federal Regulatory Status 2007*

First
u.s.

Compound Name Abbreviation Chemical Class Use/Source Usage u.S. Canada China Korea Japan
Etridiazole ETDZL Terrazole Fungicide 1963 A A
Metribuzin MBZN Triazinone Herbicide 1973 A A
1-HCH (Lindane) g;'HCCHH or Organochlorine Insecticide 1948 B2004 R  B1979
Historic-Use Pesticides (HUPSs)
a-HCH :;_lHCCHH or Organochlorine Insecticide 1948 B 1978 B 1971 198;33 B 1979
B-HCH EhHgHH or Organochlorine Insecticide 1948 B1978 B 1971 19'383 B 1979
8-HCH thgHH or Organochlorine Insecticide 1948  B1978 B 1971 19%3 B 1979
Hexachlorobenzene HCB Chlorobenzene Fungicide 1945 B 1984 B 1972
Aldrin Aldrin Organochlorine Insecticide 1949 B 1987 B 1990 N B 1971 B 1975
Dieldrin Dieldrin Organochlorine Insecticide 1949 B 1987 B 1990 N B 1971 B 1975
Endrin Endrin Organochlorine Insecticide 1949 B 1991 B 1990 N B 1971 B 1975
Endrin aldehyde Endrin A Organochlorine Degradation Product NA NA NA NA NA NA
Chlordane, trans t-CLDN Organochlorine Insecticide 1948 B 1988 B 1995 R B R
Chlordane, cis c-CLDN Organochlorine Insecticide 1948 B 1988 B 1995 R B R
Nonachlor, trans t-NCLR Organochlorine Impurity/Insecticide 1948 B 1988 B 1995 R B R
Nonachlor, cis c-NCLR Organochlorine Impurity/Insecticide 1948 B 1988 B 1995 R B R
Chlordane, oxy o-CLDN Organochlorine Degradation Product NA NA NA NA NA NA
Heptachlor HCLR Organochlorine Insecticide 1952 B 1988 B 1985 B B 1979 R
Heptachlor epoxide HCLR E Organochlorine Degradation Product NA NA NA NA NA NA
Methoxychlor MXCLR Organochlorine Insecticide 1948 R B 2005
p,p'-DDT pp-DDT Organochlorine Insecticide 1942 B 1972 B 1989 B B 1973 B 1981
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Table 3-3. Semi-Volatile Organic Compounds (SOCs) Measured in WACAP (continued).

Federal Regulatory Status 2007*

First
u.s.
Compound Name Abbreviation Chemical Class Use/Source Usage u.S. Canada China Korea Japan
1983
o,p'-DDT op-DDT Organochlorine Insecticide 1942 B 1972 B 1989 198;33 B 1973 B 1981
p,p'-DDD pp-DDD Organochlorine Degradation Product NA NA NA NA NA NA
o,p'-DDD op-DDD Organochlorine Degradation Product NA NA NA NA NA NA
p,p'-DDE pp-DDE Organochlorine Degradation Product NA NA NA NA NA NA
o,p'-DDE op-DDE Organochlorine Degradation Product NA NA NA NA NA NA
Mirex Mirex Organochlorine Insecticide 1959 B 1978 B 1978 R
Combustion Byproducts
Acenaphthylene ACY PAH Combustion NA NA NA NA NA NA
Acenaphthene ACE PAH Combustion NA NA NA NA NA NA
Fluorene FLO PAH Combustion NA NA NA NA NA NA
Phenanthrene PHE PAH Combustion NA NA NA NA NA NA
Anthracene ANT PAH Combustion NA NA NA NA NA NA
Fluoranthene FLA PAH Combustion NA NA NA NA NA NA
Pyrene PYR PAH Combustion NA NA NA NA NA NA
Benzo(a)anthracene B[a]A PAH Combustion NA NA NA NA NA NA
Chrysene+Triphenylene CHR/TRI PAH Combustion NA NA NA NA NA NA
Benzo(b)fluoranthene B[b]F PAH Combustion NA NA NA NA NA NA
Benzo(k)fluoranthene B[k]F PAH Combustion NA NA NA NA NA NA
Benzo(e)pyrene Ble]P PAH Combustion NA NA NA NA NA NA
Benzo(a)pyrene B[a]P PAH Combustion NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 1[123-cd]p PAH Combustion NA NA NA NA NA NA
Dibenz(a,h)anthracene D[ah]A PAH Combustion NA NA NA NA NA NA
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Table 3-3. Semi-Volatile Organic Compounds (SOCs) Measured in WACAP (continued).

Federal Regulatory Status 2007*

First
u.s.

Compound Name Abbreviation Chemical Class Use/Source Usage u.S. Canada China Korea Japan
Benzo(ghi)perylene B[ghi]P PAH Combustion NA NA NA NA NA NA
Retene Retene PAH Combustion NA NA NA NA NA NA
Industrial/Urban Use Compounds (IBCs)

PCB 74 PCB74 PCB Industrial 1929 B 1977 B 1977 N B 1972
PCB 101 PCB101 PCB Industrial 1929 B 1977 B 1977 N B 1972
PCB 118 PCB118 PCB Industrial 1929 B 1977 B 1977 N B 1972
PCB 138 PCB138 PCB Industrial 1929 B 1977 B 1977 N B 1972
PCB 153 PCB153 PCB Industrial 1929 B 1977 B 1977 N B 1972
PCB 183 PCB183 PCB Industrial 1929 B 1977 B 1977 N B 1972
PCB 187 PCB187 PCB Industrial 1929 B 1977 B 1977 N B 1972
mono-PBDEs (1, 2, 3) PBDE Flame Retardant 1977

di-PBDEs (7, 8, 10, 11, 12, 13, 15) PBDE Flame Retardant 1977

tri-PBDEs (17, 25, 28, 30, 32, 33, 35, 37) PBDE Flame Retardant 1977

tetra-PBDEs (47, 49, 66, 71, 75, 77) PBDE Flame Retardant 1977

penta-PBDEs (89, 99, 100, 116, 118, 126) PBDE Flame Retardant 1977 R

hexa-PBDEs (138, 153, 154, 155, 166) PBDE Flame Retardant 1977

hepta-PBDEs (181, 183, 190) PBDE Flame Retardant 1977

*Regulatory status legend: A = current active use, B = banned for use, R = some restricted uses, N = not likely used in the given country, and NA = not
applicable (Primbs et al., 2007; UNEP, 2002; Breivik et al., 2002; USEPA, 2007c; Pesticide Action Network; Purdue University, National Pesticide Information
Retrieval System; Environment Canada, EDDENet). The SOC ban year is included if this information is available.
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We selected the list of SOCs in Table 3-3 by evaluating the existing scientific literature to
determine which SOCs have been shown to undergo atmospheric transport and deposition to
remote ecosystems, including high latitude and high elevation ecosystems. In addition, the SOCs
measured in WACAP span a wide range of volatility, water solubility, and hydrophobicity, as
well as persistence in the environment. The SOC physico-chemical properties have been used to
interpret the atmospheric transport, deposition, and accumulation of these compounds to the
ecosystems assessed in WACAP. Finally, some of the SOCs measured in WACAP are classified
as persistent, bioaccumulative, and toxic (PBT) chemicals by the USEPA. These PBT chemicals
include aldrin, benzo(a)pyrene, chlordane, DDT, DDD, DDE, hexachlorobenzene, mirex, and
PCBs.

Not all of the SOCs measured in WACAP were consistently detected in all WACAP media and
national parks. Figure 3-1 summarizes the current status of SOC contamination in all WACAP
parks and media. The figure shows the SOCs that were detected in at least one WACAP environ-
mental medium. The horizontal bars represent the percentage of all WACAP samples that had an
SOC concentration above the estimated detection limit.

Figure 3-1 also highlights some of the key SOCs that are the focus of this report. Total endosul-
fans (sum of ENDO I, ENDO II, and ENDO S), g-HCH, chlorpyrifos (CLPYR), and dacthal
(DCPA) were among the most commonly detected CUPs and are markers for recent agricultural
sources. a-HCH, hexachlorobenzene (HCB), dieldrin, total DDTs (sum of p,p’-DDT, o,p’-DDT,
p,p’-DDD, 0,p’-DDD, p,p’-DDE, and o,p’-DDE), and total chlordanes (sum of t-CLDN, c-CLDN,
t-NCLR, c-NCLR, and o-CLDN) were among the most commonly detected HUPs and are
markers for historic agricultural sources. The polycyclic aromatic hydrocarbons (PAHs) are
markers for combustion sources. Finally, the polybrominated diphenyl ether (PBDE) flame
retardants and the polychlorinated biphenyls (PCBs) are markers for industrial/urban sources.

3.2.2 Mercury

Mercury, an element found in the earth’s crust, is a common component of coal and ore rich in
minerals. In nature, the mineral cinnabar (HgS, mercury sulfide) occurs in concentrated deposits
and has been used as the primary source of commercially mined mercury since Roman times.
When coal is burned or ores are smelted, mercury enters the atmosphere. In 2000, as much as
two-thirds of the total anthropogenic emissions world-wide (ca. 2,190 tons of Hg) was from the
combustion of fossil fuels (Pacyna et al., 2006), mostly coal. On a global scale, Hg emissions
increased from 1,881 tons in 1990 to 2,235 tons in 1995, then decreased only slightly in 2000 to
approximately 2,190 tons. It is estimated that over the last 100 years, anthropogenic Hg has
accounted for approximately 70% of the total atmospheric deposition of mercury at the location
of the Upper Freemont Glacier (4,100 m, Wyoming) in the western United States, with the
remainder coming from geologic (e.g., weathering of the lithosphere, volcanoes) and biogenic
sources (Schuster et al., 2002). This estimate is consistent with the analysis of Wiener et al.
(2006), who determined that anthropogenic Hg inputs from atmospheric deposition to Voyageurs
National Park (Minnesota, USA) accounted for 63% 4 13% of the mercury accumulated in the
park’s lake sediments during the twentieth century.
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Figure 3-1. Current Status of SOC Contamination in WACAP Parks. The percent of all WACAP
samples with SOC concentrations above the estimated detection limit is given for each medium. Only
recent sediment samples from 1990 to present are included in the sediment column. PBDEs are not
included because they were measured only in fish and sediment samples. PASD = passive air sampling
device; SOC concentrations in PASDs are a measure of concentrations in ambient air.
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Among the world’s nations, the United States was the sixth greatest emitter of Hg to the
atmosphere in 2000, with 109.2 tons (5% of the total annual world emissions). China topped the
global 2000 list of Hg emitters with 604.7 tons (28% of world total; Pacyna et al., 2006). USEPA
estimates that about one-fourth of the mercury emitted in the United States is deposited in the
United States, while the remaining 75% enters the atmospheric component of the global mercury
cycle where it can reside for up to 2 years, circling the earth approximately every 3 weeks.

Mercury is a contaminant of concern because of its detrimental neurological effects, as well as
other effects, on humans, fish, and other organisms; it is classified by USEPA as a PBT chemical
(Wiener et al., 2003). Mercury concentrations in the atmosphere have greatly increased because
of the greater use of fossil fuels (particularly coal) since industrialization, and because of the ease
with which mercury is distributed globally through the atmospheric mercury cycle. Moreover,
once mercury has been deposited to a watershed and finds its way into aquatic systems, it can be
methylated by reducing bacteria and, only while in this form, incorporated into aquatic food
webs where it can be biomagnified, accumulating in the top predators of the aquatic food web at
concentrations 10 to 1,000 times greater than in the water itself. These top aquatic predators
often are targeted food sources of terrestrial wildlife and humans, particularly subsistence fishers
and terrestrial wildlife, adding another final step to the biomagnification pattern of Hg.

3.2.3 Metals

As with SOCs, the metals chosen for measurement in WACAP media were selected because they
serve as markers for a variety of different sources (Table 3-4). These include anthropogenic
sources such as coal combustion, petroleum combustion, industrial emissions, agricultural,
medical waste, incineration, and automotive sources, as well as biogenic sources such as sea
aerosols, volcanic deposits, and minerals.

Table 3-4. Environmentally Significant Metals.

Coal Combustion Selenium Se
Aluminum Al Thallium TI
Antimony Sb Vanadium \Y
Arsenic As Zinc Zn
Barium Ba Zirconium Zr
Beryllium Be Sea Aerosols
Boron B Boron B
Cadmium Cd Calcium Ca
Chromium Cr Magnesium Mg
Cobalt Co Sodium Na
Copper Cu Strontium Sr
Gallium Ga Volcanic
Iron Fe Aluminum Al
Lead Pb Arsenic As
Manganese Mn Bismuth Bi
Mercury Hg Cadmium Cd
Molybdenum Mo Iron Fe
Nickel Ni Manganese Mn
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Table 3-4. Environmentally Significant Metals (continued).

Volcanic (continued) Automotive
Nickel Ni Barium Ba
Vanadium Vv Cadmium Cd
Petroleum Combustion Lead Pb
Arsenic As Nickel Ni
Barium Ba Mineral (Earth’s crust)
Beryllium Be Aluminum Al
Cadmium Cd Barium Ba
Chromium Cr Calcium Ca
Copper Cu Cerium Ce
Lead Pb Cesium Cs
Manganese Mn Holmium Ho
Molybdenum Mo Iron Fe
Nickel Ni Lanthanum La
Selenium Se Lithium Li
Vanadium \% Magnesium Mg
Zinc Zn Manganese Mn
Industrial (nonferrous metal production) Mercury Hg
Cadmium Cd Neodymium Nd
Chromium Cr Praseodymium Pr
Copper Cu Rhenium Re
Lead Pb Rubidium Rb
Manganese Mn Samarium Sm
Vanadium \% Sodium Na
Zinc Zn Strontium Sr
Agricultural Tellurium Te
Arsenic As Terbium Tb
Mercury Hg Thulium Tm
Selenium Se Thulium Tm
Zinc Zn Tungsten w
Waste Incineration Uranium U
Cadmium Cd Vanadium Vv
Copper Cu Yttrium Y
Lead Pb Ytterbium Yb
Mercury Hg Zirconium Zr
Zinc Zn Medical

Neodymium Nd

3.3 Data Quality Summary

The WACAP Quality Assurance (QA) Project Plan (Western Airborne Contaminants
Assessment Project, 2004), completed in May 2004, outlines the quality assurance and quality
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control objectives and procedures for WACAP. It establishes methods for assessing data quality
for each analyte and media type, and includes analysis of replicate samples, surrogate spikes,
field and laboratory blanks, and SRMs when available. WACAP data quality is described
primarily by precision of replicate analyses, accuracy as indicated by difference from SRM or
recoveries of surrogate spikes, and detection limits. Appendix 3B provides detailed results of
these indicators of data quality. The following subsections summarize the data quality of the
major WACAP contaminants studied.

3.3.1 SOC Data Quality

All SOC analyses were conducted at the Simonich Environmental Chemistry Laboratory at
Oregon State University. Table 3-5 summarizes SOC data quality, with means of estimated
detection limits (EDLs), surrogate recoveries, replicate sample analyses, and percent difference
of the SRMs for sediment and fish. EDLs were calculated for each compound by the approach
described in Method 8280A (USEPA, 1996), and are listed by media in the tables in Appendix
3B. For statistical comparisons, concentrations less than the EDL were replaced by
concentrations representing one-half of the EDL (Antweiler, R.C., and H.E. Taylor, written
communications), following the guidelines listed in Section 3.5.1.

Target analyte loss was corrected via target analyte-to-surrogate response ratios in calibration
curves. Laboratory blanks were generated by the use of designated extraction disks spiked with
surrogate solution, after which all elution and clean-up steps were followed. Method blanks
consisted of sodium sulfate and were taken through the entire analytical method. Reported SOC
concentrations were blank-subtracted, according to the laboratory blank, and then recovery
corrected. Concentrations are not reported for cases in which the mass in the laboratory blank
exceeded 33% of that in the sample.

SRMS were available for sediment and fish analyses. Baltimore Harbor sediment certified refer-
ence material (NIST SRM #1941b) was analyzed for 27 certified compounds, with percent dif-
ference from the certified values ranging from 0 to 55.4% difference and a mean of 16.8%. Fish
certified reference material (NIST SRM #1946) was analyzed for 31 certified compounds, with
percent difference from the certified values ranging from 0 to 30% difference and a mean of 7%.

3.3.2 Mercury Data Quality

Total mercury on unfiltered snow samples was measured at the USGS Wisconsin Water Science
Center Mercury Research Laboratory (USGS-WWSC) by cold vapor atomic fluorescence
spectrometry (Olson and DeWild, 1999). The detection limit was 0.04 ng/L. In addition, methyl
mercury was measured on the 2005 unfiltered snow samples. Field replicate samples were
analyzed at the USGS-WWSC laboratory for total mercury. Percent relative standard deviation
of field replicates was higher for total mercury than for most constituents, because much of the
snowpack mercury is associated with particulates. Particulates vary substantially at scales of a
meter or less, which is typical of the spacing between replicate samples. Additional replicate
samples were analyzed in the in the USGS Trace Element Environmental Analytical Chemistry
Research (USGS-NRP Boulder) Laboratory in Boulder, Colorado, by cold vapor atomic
fluorescence spectrophotometry, with a detection limit of 0.4 ng/L (Roth, 1994). The relation of
the values between the two laboratories is described by the equation:

(USGS-WWSC lab values) = 1.2(USGS-NRP Boulder lab values) + 0.64 (n =28, R>=0.71) [3-1]
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Table 3-5. Summary of Data Quality Indicators for SOCs by Media."
Estimated Detection

L3 : Replicate Sample Mean
Limit Method Recoveries Injections %Difference of  NIST
Media Units? Range Mean Range Mean Mean %RSD NIST SRM SRM
Snow pg/L 0.20 to 125 22 28.1 t0 206.2% 68.3% 3.5 na Na
Air "YOIM 0001002 003  209102100%  93.7% 49.5 na Na
Lichen ng/g lipid 0.01to 54.3 4.6 31.3 10 139.5% 73.9% 18.9 na Na
Conifer ng/lgdw 0.01t0723 57 2461097.3%  73.2% 19.4 na Na
needles
Lake water pg/L 0.5 to 385 13 24.7 t0 158.8% 99.0% 26.5 na Na
Sediment ng/g dw 0.1to 204.7 23.8 20.9 to 136% 60.3% 6.2 16.8 1941b
Fish pg/g ww 0.2 to 920 78.7 31.41098.3% 61.4% 234 7 1946

'Detailed recovery and EDLs for moose were not conducted because there were so few moose samples. However, the SOC
recoveries and EDLs were